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Future of Aerospace Industry 


Future Perspective of Aerospace Industry: 
Roundtable Discussion 


95FE0103A Tokyo KIKAI SHINKO in Japanese 
Nov 94 pp 6-25 


[Discussion by Takeo Iwaki, Technology Division 
Director of the Nihon Aerospace Industry Society; 
Takaji Umezawa, Vice-president of the Board of Direc- 
tors and Editor in Chief, Nihon Koku Shimbunsha; 
Mitsuhiro Shiroishi, Director of the Small-Scale Private 
Group Planning Division, Nihon Aircraft Development 
Society; Yoshiyuki Fujitsuna, Technology Planning 
Division Director, Technology Development Depart- 
ment, Aerospace Business Headquarters, Ishikawajima- 
Harima Heavy Industries Co., Ltd.; (Moderator) 
Hiroyoshi Nakanishi, Assistant to the Chief, Aircraft 
and Ordnance Division, Machinery and Information 
Industries Bureau, MITI] 


[FBIS Translated Text] 


Nakanishi (Moderator): Today I thought we could hear 
various opinions and the usual thoughts concerning the 
future of the aircraft industries, which has a broad 
meaning, the situation up to now, and based on that, the 
direction which must be taken in the future. I am giving 
“Future Perspective of Aerospace Industry”’ as the title. 


Why don’t we consider about three major branches for 
the flow of the discussion? 


Mr. Umezawa, I think you are acquainted with various 
historical movements of the Japanese aircraft sector 
before now; could you talk about that, please? 


Transformation of Japanese airplane industry 


Umezawa: As I believe you all know, the Japanese 
aircraft industry was very active from before and into the 
war. The peak was in about 1944, with the production of 
about 2,000 per month and 25,000 of various types of 
aircraft produced per year. By the end of the war, a total 
of 82,000 were actually produced; at that time, there 
were 12 fuselage manufacturers and 7 engine manufac- 
turers and employment was on a massive scale with 
about one million people employed. Aircraft production 
began again after a vacuum of seven years following the 
war and since then, it has been on the track of producing 
aircraft for the Self Defense Force, chiefly in the process 
of maintaining defensive power, with the introduction of 
licenses mainly from the United States. 


To summarize the better part of that until the restarting, 
the YS-11 project was started in 1955 because of the 
need to develop our own aircraft. 


Iwaki: I actually graduated in 1958 and when I started at 
Mitsubishi Heavy Industries, I was entering this sector in 
the time period just indicated by Mr. Umezawa, in the 
environment where the YS-1!1 was being started or 


already started as a system. At that time, Mitsubishi 
Heavy Industries was considering how to develop the 
production of the F 86 and we new employees, called TO 
as it were, entered at the point of helping with the 
translation operation for the F 86 production or practical 
specs. That was combined with training for about one 
year; after that, I was assigned to the original Aerody- 
namic Research Section and since then I did not have the 
opportunity to see the TO. 


In the section to which I was attached, the F 86 was 
already finished. Next, concerning what to do with the 
FX, I remember the responsible development officials of 
the Self Defense Agency at that time, together with Mr. 
Sasaki of Mitsubishi who has since passed on, explained 
about the aerodynamics of such a supersonic aircraft and 
making it lightweight since aerodynamics become the 
basis of the aircraft as you know and because “the FX 
must be a supersonic aircraft.” This was a time of rapid 
change. 


This was the first occasion for supersonic aerodynamics 
in Our country; we studied what the area rule was. At that 
time, the wind tunnel destroyed upon our defeat had just 
been rebuilt at Mitsubishi and this was also the time 
when the YS-11 program was started as Mr. Umezawa 
just said; under the guidance of my superiors, I oversaw 
the examination of data for whether the measurement 
methods for the wind tunnel experiments were all right 
and performed on an aerodynamic line. The Mitsubishi 
policy was for not only Self Defense Agency machines, 
but private machines as well; the development of the 
MU-2 was decided and parallel to the YS-11, we started 
actual study of aerodynamics which becomes the basis 
for the aircraft. 


Afterwards, the study of FX was not directly related, but 
in the narrow field of aerodynamics, I oversaw the 
supersonic, high class training craft called the T-2 from 
aerodynamic design to wind tunnel tests and flight tests; 
as I generally experienced this in a short period to the 
level of the world, this was the period in which the 
progress of Japan’s aerospace technology after develop- 
ment formed my own technical backbone. 


Umezawa: This is related to what Mr. Iwaki said, but 
despite the seven year vacuum, Japan Jet Engine K.K. 
was established immediately in 1953 to perform the 
development of the J-3. Meanwhile, 46 of the domesti- 
cally developed T-1A intermediate jet training craft 
(includes the Orpheus MK 805 engine of Britain’s Bristol 
Co.) for the Self Defense Force were produced from 1958 
to 1964; next in fact as well as in name converted to the 
domestically developed J3 engine, the all domestic 
product T-1B was completed in 1962 and 21 were 
produced by 1963. 


Iwaki: Yes, that’s so. 


Umezawa: At that time, America, England, France, 
Canada, and Sweden were the five countries which 
achieved the development and production of supersonic 
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aircraft through their own technology except for the 
USSR and Japan was the sixth. Being the sixth to enter 
the world’s supersonic club in a certain sense means 
having great speed and marked progress. 


Moderator: As has just been said, at the time of the 
YS-11 and the T-2, there was a seven year vacuum and 
after that it recovered and with persistence reached the 
level possible in a short period of time. The thought is 
that they were developed with the limited resources 
being poured into only one field. I feel strongly that 
despite the feeling of “‘deja vu the dream”’ of the various 
technicians during wartime during the seven year 
vacuum, [they felt that] it would be great to do this 
from now. 


Iwaki: One sign of that was the passage of the Aerospace 
Research Establishment Act in about 1955; a presuppo- 
sition of that establishment could be the concurrent 
construction of world class wind tunnels and transonic 
wind tunnels. Then supersonic wind tunnels... 


Umezawa: Oh, yes. 


Iwaki: I think I read somewhere that the capital when the 
National Aerospace Lab (NAL) was made was said to be 
1% of Japan’s GNP at that time. That was determined by 
policy and I think that investment greater than that is 
based on the perception that aircraft will lead Japan’s 
future industry and the perception that it is important 
for defense; but the significance of the massive invest- 
ment ir NAL being determined by policy and its actual 
construction must be considered to be very great. Since 
the YS-11 and MU-2 speed zones are different, they do 
not serve, but the independent development of the 
subsequent MU-300 and supersonic T-2, the T-1 or 
various guided missiles could not have been possible 
without the NAL. It was said that “very short term days 
followed the war” and I feel strongly that what made the 
short term days possible was the maintenance of the 
infrastructure being performed nationally. I’ve only 
spoken about the field of fuselage aerodynamics, but this 
was parallel for the J-3 engine at the same time as well... 


Fujitsuna: That was the same period. 


Umezawa: Basically, the potential of producing 25,000 
machines annually and including one million people was 
put off to a ceriain extent, with the seven year vacuum. 
Although it was not necessarily clear that this was “taken 
over,” there was potential. Thus, when it was decided to 
restart, the enthusiasm and will blazed up. This was the 
motive force. 


Shiroisha: Certainly the meaning of motive force was 
said here with respect to facilities, but I think that the 
feeling of the people is very important. I also did not 
know those times, but the people involved before the war 
and some others were mainly the movers. It is a strange 
way to say it, but producing airplanes itself is not so 
serious and rather than leaving out the difficulties as we 
are doing now, the airplane is the thing, so wasn’t such 
enthusiasm a stretch? 
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For example, when looking at the first flights, YS-11 
came out, the MU-2 came out, and the FA-200 came out 
at the beginning of the 1960’s. This period marked off 
about one year. So if said now, the really wonderful 
independent development came out then and stopped 
after that. Why? Well, for example, after the YS-11 was 
produced, there was probably the movement for “taking 
over that route.” At that time, however, there was the 
change of “one airplane is difficult without international 
cooperation.” As a result, now, we joined with Boeing as 
a partner and made the 767 and 777. Therefore, to the 
contrary, the healthy portions of the independent route 
came somewhat of age. I might be getting a little 
ahead, but perhaps that has already been reconsidere/’ 
once at this point in time or has already reached one 
turning point. 


This will come out after we begin talking about the 
future, but in the main, this was independent develop- 
ment having the pre-war potential energy and 
momentum; it was slowed down a little, force was 
applied, and then now is the time for asking what 
to do next. 


Moderator: As various things have been said about the 
policy changeover in a certain time period and when 
various things, for example the JAL production of the 
YS-11 in a manner going into the red, and the case of the 
MU-300 are considered, these have some economic 
significance and the health of the industry gradually 
drained away; when seen from such a current, what was 
changed, with the dream that one of these days Japan 
will become the center and make civilian airplanes, but 
presently there is a change in that feeling, somehow there 
is a sense of discouragement and there is nothing to do 
about it. 


Shiroisha: Well I think it probably isn’t that. 


Iwaki: Mr. Shiroishi spoke about “ie core of the 
MU-300, how about that? (Laughter) 


Shiroisha: Because the 300 was one airplane, I think 
that’s a little different. In the mainstream, if you look at 
the flow of the YS passenger planes, I don’t think you 
will absolutely give up there. At that time, because there 
has been much reflection, I think it hasn’t been said 
again, but there is the reflection that “We had the 
technology to make airplanes. But we weren't good at 
sales. In short, we couldn’t do business” and the direc- 
tional change was made because “it was no good as it 
was.” Therefore, even though the 767 and 777 were 
made, they were made with the feeling of the desire for 
not only production but sales as well. Therefore, it was 
not the discouragement, but I think it was realized that 
sales will not happen without completing not only pro- 
duction but also the two factors of sales and continuing 
service. I think it was decided to make those efforts. 


Umezawa: 760 of the MU-2 were made. Were 110 of the 
MU-300 made? These alone don’t amount to sales, and 
I don’t hear talk that Mitsubishi Heavy Industries made 
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a lot of profit there. (Laughter) Thus, we finally with- 
drew, but said unconditionally, in the case of Japan, 
there is absolutely no historical experience of what are 
called airplane sales. Consequently, the foundation for 
sales is very thin. In the case of the MU-2, I have to 
believe that sales not extending to America had setbacks 
since at that time the market was down and business 
machines were hard to sell. Maybe they were discour- 
aged and stopped. 


Moderator: That point, did engines, for example, come 
to be handled a little more continuously? 


Fujitsuna Well, yes. Because of that, this might be more 
the era of a senior, but when you ask about various 
opportunities and read what has been written, the same 
period began with the analysis and sketching of one 
engine loaned from the U.S. military. These people this 
time became the core, made the Japan Jet Engine Com- 
pany (This company eventually disintegrated), and at 
any rate decided to go ahead. At that time, the chances 
for jet engine development built up somewhat. Con- 
cretely, it began with the development of the J-3 engine, 
but this is so for this talk of the YS-11 (The engine of the 
YS-11 was Dart), planning the maturation of the jet 
engine technology takes a lot of time. Moreover this is 
related to the case of the fuselage and the subsonic 
transport planes, but for engines from the pre-war 
recipro to the first turbo jet engine called Ne 20, sud- 
denly sparks shone during the several months before the 
end of the war, but because it was suddenly cut off at that 
point, in a sense there was a point of restarting from the 
beginning. Under those conditions, in the form of the 
J-3, there was cooperation in Japan and a jet engine was 
prepared and then improved and used by the Defense 
Agency. I think it started from there. 


Therefore, hearing this talk of the YS-1!, and many of 
our seniors have spoken as well, for example, if the 
YS-11 project continued, the YS-11 to include the 
domestically produced turbo fan developed by Japan’s 
engine industry was revamped, and domestically pro- 
duced airframes and engines for private use were real- 
ized (historically this was not “if’”), this became the first 
clue to the real meaning of the technical power and 
business power as well being sufficiently fostered as an 
industry. 


All that aside, if we return to the main issue of engine 
development, for the engines, the foundation was made 
in a form following the lead of the Defense Agency. 
However, for a long time there were no chances for going 
to the private sector and the YS-11 project was not 
suitable. Therefore, in the sense of there being trouble to 
enter the private sector, well, how was it before the war? 
Since I received a resume from Mr. Nakanishi, I tried 
looking through the book on the private aircraft trans- 
port industry in Japan before the war, but I feel that this 
is a field which is not mature. Several of the specially 
founded companies were absorbed into the military and 
defense (a large number of airframes were produced 


under Parliamentary control) in the Pacific War, so that 
the military aircraft industry ended before it matured. As 
a result, after the war the private military aircraft 
industry was restarted, but there is the common sense of 
private business, especially in international develop- 
ment, for various sales. The business imagination in that 
area was lacking, didn’t this become the reason why the 
jet engine industry could not smoothly enter the private 
field? This is just what we’ve been looking into. 


Fujitsuna: The YS-11 went into the international market 
all at once, since the domestic private military aircraft 
industry was not mature, human resources for business 
development may also have been so; wasn’t this why 
business imagination, which we'll be talking about (but 
this isn’t talking about “directly”), was not sufficient; 
while I don’t really know about pre- war development, I 
have that impression. 


Shiroisha: Probably the same can be said of airplanes. 
Airplanes and MU are so, as well as YS, but there are no 
operators (users) in the country. Therefore, if airplanes 
are also made, they must necessarily be sold abroad. This 
is just the same as what has been said here about engines; 
I think this is like saying for engines “there are no 
airplanes in Japan” and saying for airplanes “there are 
no operators in Japan.” This is tough, isn’t it. Well, that 
was so for the MU-2 as well. 


Iwaki: But, JAL and ANA may not have been fast 
compared to the starting speed of our manufacturing 
industry, but then grew steadily as operators on the 
global level and had actual results; it was not the case 
that there was no domestic market. Foreign aviation 
policy becomes one with operations; for example, France 
made the policy to integrate the Ministry of Transport 
with ONERA to oversee scientific research. That is one 
of the sad facts for Japan. As Mr. Shiroishi said, the 
general aviation market was really small in Japan. 


Shiroisha: Ultimately the level of industrial strength is 
estranged from the operators. 


Shiroisha: Yes. If one says “well, ANA immediately 
respond to prospects like that of JAL?”, now the industry 
becomes unbalanced. A plane, if small, is possible with 
the national power of Japan. However, the imbalance is 
that it would have no operators. 


Shiroisha: I heard that the YS-11 was the first airplane to 
fly Japan’s main line. So it had to be. Don’t you think? 


Umezawa: But, at the initial stage, ANA first concluded 
a preliminary agreement for 20 planes. That is very 
significant and very conducive to promoting the YS 
project. But, at unexpectedly high speeds, the passenger 
demand in Japan has increased and the mechanical 
equipment used has rapidly increased in scale. Conse- 
quently, YS had to be commissioned by another line. 


Moderator: 182 of the YS-11 were produced, but the 
number of airplanes sold was very large in terms of share 
for the market which had not matured even globally at 
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that time. And as yet, one hundred some craft are flying 
which itself proves the height of the technical level. 
Oppositely said, that and business not having become 
related may be one flaw. 


Umezawa: Well yes. Therefore, for business, there were 
a lot of things like poor sales methods and deficient 
price establishment. The biggest problem was that the 
cost relationship did not work well. There was the 
problem of YS-11 losses, and at that time the problem 
of the Japan National Railways deficit was major. The 
losses of the JNR rapidly increased and on the other 
hand because there were the YS losses, the handling of 
this problem was greatly influenced by JNR. There 
were also political aspects. 


Handling international joint development operations 


Moderator: Reflecting upon those experiences, recently, 
for example, for engines, the direction has been mostly 
towards international joint efforts. But, such engines are 
with international joint efforts of five companies; what 
feeling do you have about those business aspects? 


Fujitsuna Bluntly put, the word is hardship. Look at the 
V-2500 which was jointly developed by five countries; 
Rolls-Royce and Pratt and Whitney were the two big 
leaders, but it wasn’t that I read this, but (1) in the field 
of marketing, Japan was not brought directly into con- 
tact with clients at any rate and (2) Japan was not 
brought directly into contact with airworthiness author- 
ities such as the FAA; these two points, as commonly 
understood, link with the business structure of interna- 
tional joint development. With the allotment of tech- 
nical operations and the allotment of business, the IAE 
(International Aero Engines) general company was made 
and people were gathered there from the five countries, 
but the jobs allotted to the Japanese people were limited; 
and in some respects it progressed in a form considering 
the above two points. 


Before the V-2500, the development of an engine called 
the RJ-500 was performed with Japan-Britain joint 
development, but this was linked to Bristol of Rolls- 
Royce; work allotment was 50:50 and the Rolls-Royce 
side (British) had the clear policy that “We are fostering 
Japan. We choose Japan as the partner in order to 
oppose America.” Therefore, thinking to foster Japan as 
a reliable partner that much faster, the British side 
brought along the Japanese when flying to Tours (Air- 
bus) and going Los Angeles (Douglas) (for negotiations 
for contract specs and marketing). By directly meeting 
various people, a pipeline could be made between the 
other airplane companies and the Japanese side. After 
the RJ-500 project where such activities were done, in 
the V-2500 project, this time we did some real work in 
connection with business and technology leadership in 
the current private engine sector in order to compete 
strongly with another type of aircraft, though linked to 
joint development here. So this positioned us like in the 
so-called sporting game or power game. 
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However, if international joint development is actually 
started, this has been greatly relieved with Japan having 
to come before clients and airworthiness authorities as 
necessary. Even so, while saying “international joint 
development” and “equal partnership’’, this point is a 
little tough and next the thing is to break through 
somehow. In effect, no matter how we stick to it, because 
the work is not apparent at the key points of the process 
of technical deliberation with the airworthiness author- 
ities, fixing the technical issues one by one, and getting 
approval for the model, this means that even if we 
perform commercial engine product development, we 
still don’t have self confidence even in the end. 


Moderator: In a certain sense, isn’t this the strategy of 
U.S. and European busiuesses? 


Fujitsuna: Concerning that point, that may be so even 
now. In the case of that being linked to various joint 
development activities, because this is saying when like 
the RSP agreement is eliminated from the start. How- 
ever, in V-2500 and other international joint develop- 
ment projects, we made a back analysis under those 
conditions and desperately followed the give and take of 
Rolls-Royce and Pratt and Whitney with the airworthi- 
ness authorities and we really studied our own responsi- 
bility, like is it all right to attack with this logic? 
However, at the moment this is still not enough for the 
whole and when asked “Do we have the technical power 
as a commercial engine system integrator?” we have to 
say “still not encugh” for commercial engines. 


Moderator: In engines, getting around the core seems to 
be of great concern. During this time, with this talk of 
overseas engine manufacturers coming and developing 
new engines, “Getting around the core for the first time” 
is written in red letters on the cover of the pamphlet. 
What this means, as a future issue as well, is that rapidly 
entering part of that core and then rapidly entering 
business aspects are necessary to the contrary. 


Fujitsuna: Yes. Therefore, in talking about business, that 
means that, for example Asia can be covered, and maybe 
one means of attack is building a prosperous region 
somewhere and not the world overall, but that is just an 
individual idea. 


Umezawa: This is related to what was said now, but I 
think that making engines requires major perseverance. 


Fujitsuna: Something like that. 


Umezawa: Now also, we talked about the V-2500, and 
there are a number of levels to that point. It was in 1971 
that the FJR engine research and development was 
started as a large scale project of the MITI Agency of 
Industrial Science and Technology (AIST); the first 
period was 1971 to 1976 and the second period was 1976 
to 1981. Therefore, it was over those fourteen years. Its 
results, for example, were maybe the English Fanboro 
NGTE, then the high altitude capacity test was per- 
formed; Rolls-Royce recognized that; this was joint 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-JST-95-026 
18 April 1995 


development of XJB by Britain and Japan. The capacity 
was slightly changed to make the RJ-500; wasn’t it in 
1983, it grew into joint development by five countries? 


Fujitsuna: Yes, that’s right. 
Umezawa: It did attain the V-2500 in the mainstream. 


Fujitsuna: It takes a span of ten years to mature the 
technology of one engine. Then product development is 
five years. It is very long, ten to fifteen years before the 
return comes and one breaks even. 


Umezawa: Even before FJR, an engine for VTOL was the 
subject of testing and research by the National Aerospace 
Lab (NAL). 


Fujitsuna: The JR-100, and then the 200. 


Umezawa: So over a very long period, at last the V-2500 
was actually the first to be really tried commercially. 
Somehow, perseverance and the efforts and the succes- 
sive technology for it are required. 


Fujitsuna: Listening to the people at the engine manu- 
facturers Rolls-Royce, Pratt, and GE, those who worked 
at the company for 30 to 40 years after starting were very 
happy if they could have a hand in the development of 
about two new ones. Because of this also, it can be said 
to be work over a long span. 


Umezawa: Yes. 


Related to business, when V-2500 was started was 
started by a great man at Ishikawajima-Harima Heavy 
Industries, | remember that when asked “when will it 
pay off?” the reply was “about 16 years at the soonest” 
and how very commercial is the engine business? 


Fujitsuna: Something like that. At any rate, not more 
than 1000 machines were sold. This is long compared to 
the break even point of the fuselage. 


Iwaki: We were surprised to be allotted the wind tunnel 
tests for 767 joint development, but in T-2 development, 
we used the transonic wind tunnel and the supersonic 
wind tunnel; the aerodynamic design allotment was to 
the finest details with wind tunnel test data at Boeing; for 
example the performance of measurements and the 
execution of the model were all checked one by one. 
Tests were done at NAL, but the division of labor for 
measuring and modeling was made by us; because we are 
used to performing these in a reliable way, oh, we felt we 
could do them so far. That is one lesson we learned about 
the severity of civilian aircraft. 


Specifically, the testing allotted to Japan was of rather 
low rank such as the testing of curved surface windshield 
and basic testing of hinge moment; however, as set forth 
earlier, it was their work which brought the designers 
using that data to the current stage. 


In the YSS program after that, we were allotted testing 
using foreign wind tunnels and studied the ways of 
Canadian and British testing along with Boeing; the 


purpose for using the most advanced facilities in order to 
guarantee the highest capacity in order to ensure for a 
long time the predominance of the fuselage designed for 
civilian craft is at work in Boeing’s policy to use the 
facilities with the best capacity in the world. This is 
behind Boeing’s long accumulation. As Mr. Umezawa 
said before, it was felt that a very long span was neces- 
sary. Therefore, one can’t produce airplanes for intense 
competition with just the experience of military aircraft. 


Umezawa: A business agreement was concluded with the 
Boeing company in 1978 for the B-767. 


Iwaki: Yes, it was 1978. 


Umezawa: It took twelve years from when the YX plan 
was conceived to reach an agreement. 


Umezawa: During that time, some things came out like 
the YS-33 and died out; there were also various candi- 
dates for joint development partners other than the 
Boeing company of course; and in the twelve years 
before reaching an agreement with Boeing and following 
up on various details in the end, there were many very 
difficult problems during that time. 


Shiroisha: It was said that much perseverance is neces- 
sary, in this talk of engines, but in the case of airplanes 
maybe the span is a little shorter. About ten years or so. 
The idea for the MU-300 began in 1969; starting from 
1969, TC was in 1981. That was twelve years? thirteen 
years? But compared to engines, it seems that airplanes, 
in the case of civilian craft, require the extreme tenacity 
of a series item. Mitsubishi made the MU-2 and then, 
one type of the MU-2 being no good, the MU-300 came 
out after about twenty years, but that was no good since 
there was no product uniformity. To that point, perse- 
verance up to the sales base being prepared is strong, but 
the perseverance for business, which is different from 
making new technology, is still required. Ultimately, that 
is not possible with just perseverance; is it perseverance 
and just its strength? The strength to stand one’s ground 
is also necessary. Said oppositely, it was only on the scale 
in the possible range. Therefore, because it was ten years, 
the results were put out in ten years; saying let’s make 
that black and white, isn’t that a very bad thing in the 
airplane business? 


Umezawa: I read this somewhere, but development costs 
in the case of automobiles are on the order of some tens 
of billions of yen and in the case of the usual passenger 
piane, a zero is added and that becomes several hundreds 
of billions of yen; production time in the case of air- 
planes is ten to twenty years and is four to five years at 
the most in the case of automobiles. Especially in the 
case of airplanes, we must begin to divide several hun- 
dred planes as a maximum of one thousand planes. This 
would be some hundreds of thousands for automobiles. 
Maybe more like one million. If one considers things like 
the interest liability for that period of time, changes in 
the exchange rate, and changes in other economic cir- 
cumstances, one can’t foresee ten or twenty years ahead. 
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Consequently it is as clear as day that this is a very risky 
thing; it has a basic character beyond the range of 
business efforts. An initial factor is the aid received. 


Fujitsuna: Well yes, I think that was one reason for 
asking for support. Also, it being made a series, as said 
before, was the sarne in terms of the thinking for engines. 
But, the case of engines is characterized by high pressure 
system hardware and technology becoming the core. 


Umezawa: But, making that challenge with the signifi- 
cance that the airplane industry must be encouraged, but 
it is not helping simply because sales are difficult. 


Moderator: The government gives support in order to 
raise Japan’s various technical strengths. Concretely, the 
nation provides support with the B-777 and the V-2500. 
Such technical things in part are becoming mainstream 
in a certain sense, but that receives what evaluation from 
outside? Some say “Japan already is at the top level in 
that field and has completely overtaken Boeing” but 
there are also those with the chilling perspective that 
“Well, that is just subcontracting” and what is that? I 
think it reached the point of whether the function of the 
support given by the nation and the extent of the impact 
from its results were gotten and oppositely whether it is 
meaningful to continue it. 


Iwaki: Well yes, and if limited to production it is almost 
the same level. That’s saying quality is good and the 
producibility and the delivery deadline are protected. 
However, this is now in the present and because foreign 
countries are rapidly instilling costs. 


After the war as well, there was the history we talked 
about before, we caught up anyhow and even if we just 
partially overtook them, we can still overtake them 
without continuing afterwards. If this happened at about 
eighty points, over there they do it all along or first. The 
talk that “Japan does it in a hurry” and “This is OK for 
subsystems in some fields” applies temporarily; this is 
that all along, the long term inclination over there is 
higher. 


I went there for a meeting last week and although we said 
“we want to make a suitable contribution” for the SST 
for which I was responsible, that accumulation was 
slight. Over there, to name a country, the Clinton 
Administration is investing money. The time when that 
becomes a product is not at all at hand. For example, 
even technology for constructing or producing compusite 
materials is not at such a state. 


How about for engines? 


Fujitsuna: Well, the current technical power for engines; 
while participating in the planning for the V-2500, | 
think that low pressure compressor (LPC) and its periph- 
erals really reached the international level. But, it still 
depends on the databases of the major foreign manufac- 
turers for the technology which became the background 
in designing LPC. However, if that is used, the capacity 
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to make a good product design to satisfy Q, C, D is 
unmistakably realized. But, for C, that much more effort 
is necessary. 


From that point, all three of Rolls-Royce, Pratt and 
Whitney, and Japan decided to resolve the issues in 
engine capacity, but ultimately Japan took the lead from 
the other two and Rolls-Royce and Pratt and Whitney 
both said “You win.” In part of the aerodynamic design, 
there were parts where the results were raised another 
step in this way and gave the feeling that “we can do it.” 
However, even so there were still other parts. 


Meanwhile, there is the so-called engineering portion 
which does not require the technical database; wnen one 
can fight by knowledge, that is the system of configura- 
tion-control or program management (the field of how to 
draft the development program/what kind of program to 
make in order to ensure delivery at minimum cost); as it 
stands now, in the fields where one fights by such 
knowledge, a five minute discussion can be made with 
the foreign manufacturers. Of course, it is necessary to 
put the experience of these fields into a database. 


However, going back to the talk of the technical data- 
base, for example the lifespan of engine parts, that is not 
just with the knowledge of designers and engineering 
theory and requires backing according to actual values 
from the prior engine operation data of Rolls-Royce, 
Pratt and Whitney, and GE; that point alone can’t catch 
up by any means. This point was seriously confronted at 
Ninomaru Engines when we ourselves as the leader were 
to get FAA model approval. Somehow conquering this 
point might take a total of ten or twenty years. As we 
engine manufacturers say, we'll make a design database 
concerning new materials, revolutionary materials, com- 
posite materials, and materials which are making the 
current development competition internationally, but 
there is nothing to do about prior basic materials and we 
have to borrow those of the main foreign manufacturers. 


Moderator: You get the feeling that you'll be fighting in 
areas without databases. 


Fujitsuna: Yes. Rather than chasing after established 
areas from now, for example, the idea is to make it in 
time in those areas, by depending on already existing 
foreign databases, in new areas, for example the various 
things with revolutionary FRP if we’re talking about the 
fuselage. Making a database for fuselage and engine 
design is a very uninteresting job, but is very costly. 
Thus, as Mr. Mizuno of JADC has said, such fields now 
are becoming the subject of aid. However, I think it can’t 
be done in a form tied up with making JIS standards 
correspond to the AIST Standards Department. Thus it 
was proposed to ISO (International Standardization 
Organization) as is if used by JIS. If ISO, even in 
international joint development of civilian engines, 
saying “this is because of ISO” without apology, Japan’s 
designers will use the designs of their own allotted areas; 
won’t it be covered well when that scenario happens? 
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Therefore, although this means that the database area is 
intense, like applied design depending on those of prin- 
cipal foreign manufacturers, if there are aerodynamic 
databases, not databases including those real operation 
values, because it can be done with effort and knowledge 
of what is a good aerodynamic design, it becomes a 
repeat which can fight (though this is a certain specific 
module), but the knowledge part can be discussed 
evenly. That was the entry into the V-2500 as equal 
partners and I feel that we won. 


Another thing, speaking of the results attained in doing 
the V-2500, is the use of titanium pipe. Titanium pipe is 
widely used in the military, but it isn’t used in the 
civilian sector because of the high cost and consider- 
ations of safety (because Ti burns, it is not used in fuel or 
oil pipes); however it was used to reduce engine weight. 
However, Rolls-Royce and Pratt and Whitney would not 
disclose the design standards Ti fuel pipes and lubri- 
cating oil pipes of civilian engines. Consequently, Japan 
considered all that in the end, and Japan took all the 
basic data for proving the technology (with the cooper- 
ation of the technicians of three companies, principally 
JAEC) and finally reached the point of attaining FAA 
approval. 


There is one other thing about Japan being given 
approval by the FAA for new technology in the process 
of the V-2500. That is the standards for composite 
materials. The original standards were Rolls-Royce stan- 
dards, but because of using Toray fibers and using 
Japan-produced materials, it was judged to be material 
which Rolls-Royce had not actually used. Moreover, 
Japan made new standards, made parts with those stan- 
dards, and was given FAA approval through several 
demonstration experiments. These two are not grand 
technology, but a new attempt as independent Japanese 
technology. 


This means the establishment of a database with tech- 
nical development by Japan, that’s gradually increasing, 
as a result it is expected that the technology of most of 
the allotted sections is backed by the Japanese database 
when the SST engine is realized. This might be the final 
word in today’s talk on the SST engine, but I’m thinking 
aboui that now. That is one response to the question of 
what does the technology win and what is it? 


Moderator: If you say it that way, this is what was said 
before, but while total airplane development has not 
been done in Japan since YS-11 and there is no experi- 
ence with the part of the engine core as yet, the technical 
level has been rapidly rising and improving. It’s kind of 
tough in the sense that there is no experience with 
products and integration, but I don’t think that’s any- 
thing to worry about. 


Fujitsuna: You could say that the inheritance and accu- 
mulation of technology are the “results of doing.” 


Umezawa: Since there is the question of the necessity for 
aid, it is inexcusable in a basic discussion, but for 


aviation, there is demand established in the future and 
forever. Saying that the strategy of the industry based on 
such a presumption from now, the industry structure is a 
high value added, knowledge intensive industry; conse- 
quently, pursuit of that is basically integrated and that is 
the basic character. Consequently, there is now the basic 
role of sustaining and developing that for the coming age 
as well. However, this touches upon what was said 
before, this industry has basically very difficult aspects 
and I basically think that with the governments of each 
country supporting it and promoting it to the utmost, 
Japan must at least do the same or even stronger support 
is necessary. 


Issues and changes of the environment 


Moderator: In these financial circumstances, there are 
some difficu’i things; one is that over 70% of the demand 
in Japan’s airplane industry 1s for defense, while that : 
— dropping, recently conditions have become more 
difficult. 


America and Britain as well are rapidly making M&A in 
the airplane industry and are gambling on survivors. In 
such conditions, Japan’s industrial sector is discussing 
such things really seriously and is worrying. The talk has 
diverged a little, but what about that? 


Shiroisha: This theme, I may be going back a bit, but the 
current scene, until very recently the sense of the current 
scene, for example, there is the sense of danger in what 
Mr. Iwaki said before “For example, America is 
spending a vast amount of money or SST, mainly on 
NASA. It will be started quickly.” But, we are thinking of 
the talk before SST. In effect, what is SST when business 
airplanes, little airplanes, and big airplanes are not being 
made in Japan? Isn’t there a mountain of what was done 
before? There is a sense that this may be very crude. That 
part can be done if we stick to it. 


If we think very locally, and only of civilian aircraft, the 
76 and 77 were done. During that time, Japan 

increased its share for the fuselage and widened the ran ze 
of study. Next, thinking to advance a little more, we 
thought of that line of extension. Therefore, rather than 
opening rapidly, our sense was what to do and what we 
wanted to do. 


But, because we are talking about technology, was it our 
technology if 76 and 77 were done? The fuselage was 
what we did. We necessarily became truly possessed of 
the technology for the structure. I think it was very local, 
it was local technology as an airplane in a certain sense. 
Therefore, what some people say that the “facilities are 
good, products can be made cheaply, quality is also 
good” can be said correctly about the fuselage part. But, 
we didn’t make the main wing, moreover we didn’t make 
the total design, and we did not do tie integration; by 
experiencing the 76 and 77, the technology became 
imbalanced in a certain sense. Though I am on the scene, 
the number oi the structural designers among experi- 
enced people is overwhelmingly large. The number of 
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people who made the overall arrangements, aerody- 
namics, and equipment is very small. These things 
having come out, so I feel as thoug : it would be bad if we 
don’t make another balanced development. Therefore, 
I'm not saying that part came out because structural 
technology advanced, and we must do everything. 


That point, it came out during the discussion, but the 
talk from the Defense Agency, the way of making the 
fuselage was comparatively average and took ten and 
some years. Beginning with the T-2, the T-4 was done, 
and FS, the number of planes was small with 12 in a 
period of three years, even if it becomes warped, the 
entire balanced development is made. Unfortunately, 
the technology for civilian aircraft was very rough. 
Therefore, when we said before “is the technology 
advancing?” “Yes. We mostly have it for the structure, 
but in some respects it is totally delayed,” and that is 
what must be done now. 


On the other hand, though we really understand the feeling 
that we must persevere because America is working on 
SST, for example, they are making every1.1ing, small planes 
and large p'anes and are performing this in SST. We flew 
into it and were to do SST on an equal basis. This gives the 
feeling that a bit was omitted. Therefore, beforehand, it 
was not understood for many years, but there was special- 
ization and we advanced ahead of time, but now we’re here 
and it seems to be necessary to work while considering that 
realistic specialization. 
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But, when listening to talk about engines, this is very 
heartening talk and I feel that if it is the case, we will 
make the SST in part in new fields, but we should also 
see what is at hand. 


Umezawa: Because of being in the midst of such restruc- 
turing, managers are very hesitant and there are some 
things which appear negative, but basically the difference 
between European and American business and Japanese 
business is that most American and European businesses 
are specialized. On the other hand, the most distinctive 
characteristic in the case of Japan is being operated as a 
section combined with the parent business. Therefore, the 

merits, for example in the case of Japan, if those are the 
circumstances, for example, in some respects it is easier to 
roll over the number of personnel according tc the amount 
of work or convert to civilian demand as a combined 
section. Because it is easily absorbed in the business. But, 
oppositely, the biggest demerit is the business mind. If a 
specialized manufacturer, that Wusiness will live or die. In 
the case of Japan, the percentage of the aerospace depart- 
ment included in the increased sales of the main business 
is at the most ten and some percent. 


Fujitsuna: For us it’s 17%. 

Umezawa: All right. 

Therefore, well, that’s enough about the Japanese way of 
combined managing as a department in the parent busi- 
ness. Those are both reorganized, for example, one com- 
pany for fuselages and one company for engines must be 
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concentrated and integrated and there must be discussion 
up to that point. For Europe and America, now the 
concentration and integration are advancing with great 
energy; during this time, because specialists like McDon- 
nell-Douglas estimate that “Now at the end of this century, 
the prime of America’s Defense Department is two air- 
plane companies and four missile companies,” it would be 
good for Japan to work with this system in the future, and 
what would be better, would be a way which is easy to do, 
manifests power, improves efficiency and can make costs 
low. I think that area needs to be discussed. 


Moderator: In such areas, Japan can’t operate on eco- 
nomic principles alone to begin with. Furthermore, since 
the positioning of the airplane field in business only 
amounts to a share of 10% or 20%, it seems to be still 
tough. And, if there is fluidity, it may become M&A, but 
not in those circumstances. 


In the future, it might have to happen for civilian 
departments, if only that happens to grow in the civilian 
business of the world, that is not with Japan’s domestic 
demand, but we may have to work with the practical 
sense of the world. 


Umezawa: Another side is that the dependence on 
defense demand is now about 75% and the characteris- 
tics as a defense industry are very strong. There was the 
report of the Defense Issues Discussion Group on 12 
September, and in reference to the defense industry, 
there was an item “support should be « sntrived and 
must be considered to avoid ruin.” This has the side of 
what to do with the entanglement of such national 
demands. 


Because 75% depends on the Defense Agency, it 
depends greatly on the way of such business and the 
way of procurement for the Defense Agency. All heavy 
industries after all have areas which are “for the 
country” and oppositely, there may also be other areas 
which cover with other comparative strengths the very 
low procurement factor, but that is something we don’t 
really understand. 


When made a vendor item, there is a large number, for 
example, there are eight companies for gyros. The pie 
becomes very small, and it is difficult even with sharing. 
Production preparations and area preparations are the 
job of MITI, but with the demand rapidly shrinking from 
now on, reconstruction of that area probably has to be 
considered. 


Iwaki: In foreign countries as well, vendors are fairly 
concentrated by specialty. For such specialized fields like 
gyros, in Europe there are one or two companies and in 
America there aren’t much more than that. It’s like a 
map was made of what to do where, but it’s taking a form 
where industrial associations, mainly domestic vendors, 
are conducting avionics study groups and everyone is 
competing for a small pie anyhow and have a try by 
themselves outwardly, and there is little recognition of 
this. The atmosphere where, in these study groups, 


vendors jointly contribute knowledge together toward 
the future is beginning this year. 


Fujitsuna At the SJAC study group in 1993, I was 
nominated as the leader, and that was the development. 


Iwaki: Yes, that’s right; this is an extension of that, but 
from this year, four sectional meetings will be made 
specializing in the field of avionics. 


Fujitsuna At the 1993 study group as well, talk about 
looking overseas and making a common depo with Asia 
was heard from each company and I felt it was, construc- 
tive. Also, various people also talked about how barriers 
to participation are rather high in this field. For example, 
there was talk about how a certain company also was to 
come out one time. In the end, they thought twice about 
it when they said “Do we take product liability? That’s 
total responsibility for airplane crashes when the semi- 
conductors of your company are bad.” In the end, they 
said they did not participate, but that is just one 
example, and the feeling is that if you can join forces well 
and get around on the national level, then you can 
participate in the international market for avionics. 


Moderator: The names of Japanese manufacturers for 


such as liquid crystal panels have generally been coming 
out. That might have another meaning. 


Shiroisha: This is a current incident, but when consid- 
ered oppositely, defense demand hasn’t just fallen in 
Japan, but in the world as well and there is much noise 
about eventually everyone converting to civilian 
demand. This is the major period of natural selection. 
Therefore, doesn’t it naturally fall before integration? 
That is, for example, although it’s all right to live by 
subcontracting, besides than making new things, the 
world is becoming such that subcontracting probably 
can’t be done. If it’s pure subcontracting, there are many 
places cheaper than Japan. Any amount of the same type 
of things can be made. Therefore, unless things are done 
so Japan rises, it will probably disappear fast. 


Therefore, this really has pluses and minuses, but won't 
it work with natural phenomena and economic princi- 
ples as a result? From now on conditions are becoming 
correspondingly severe. Even if the pie is divided it must 
be eaten, and maybe it will be decided that it’s more 
profitable for company resources as said before to be 
taken from airplanes and sent elsewhere. Therefore, in 
that sense, it’s coming out not artificially. 


Moderator: So it w:ll be that way in the future. 
Shiroisha: | *!:ink so. 
Umezawa: But, those activities of concentration and 


integration which are currently advancing in Europe and 
America are to win in international competition; in the 
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case of Japan as well, it is necessary to make research and 
development investment efficiently and actively 


Fujitsuna: Especially in Europe, they have that in the EC. 


Umezawa: So, in that sense, in Europe and America, the 
effects of such concentration and integration are coming 
out anyway. In relation to ti.at, this might be too far ahead 
of the discussion, but the research and development 
investment in defense costs is approximately 2% in Japan. 
It’s over 10% in America, Britain, and France. It's 6% in 
Germany. Therefore, in the future, while it is necessary 
that the research and development investment in defense 
costs be increased a lot, recently, the president of Boeing 
said “the effects of synergy have really come out in the 
defense department and the civilian department of our 
company”, but the effects of such synergy, compound 
effects; actually, the conversion of the research and devel- 
opment costs of the Defense Agency into the civilian sector 
must be considered with thought, and perspective and 
attention must be given in a clear form. 


Moderator: America is exactly like that. 


Fujitsuna: It’s turning military technology to civilian 
technology well. 


Umezawa: That is because military and civilian were 
available at the start of YS and the beginning was the 
same for YX as well. Without dividing military and 
civilian demand, and wanting to catch it in the same 
scope, the C-1 could be done without it working well no 
matter what. But I think the C-! is a very good airplane. 
Because the number prociuced was just 31. If a few more 
had been produced, before the YSX was done. 


The direction to go in the future, technology and then to 
business 


Moderator: Oppositely said, on the manufacturer level, 
though they are not getting civilian based sales, there is 
sort of an experience of quick sales as a technology. That 
kind of thing. Therefore, there is also how to connect this 
to the next project. Recently, there have been various 
activities in YSX. Could you tell us briefly about the 
most recent activity in that area? 


Shiroisha: I’ve only been studying YSX for two or three 
months, so I can’t say much, but first, the history of it. 
Tixe YS-11 was done before, at that time, we developed 
independence and then moved to international joint 
development where most effort was made. At that time, 
after efforts were made, there were intentions for both 
the natural flow and desire of people to want to do things 
they gradually considered on their own and another 
thing is the will of both with it being necessary to correct 
here and the airplane industry becoming strained. In this 
sense, efforts are made now because of the desire to 
make some undisclosed items. To what scale this is, and 
to persevere to bring to a considerable market with the 
range of 75 to 110 people. The policy of the airplane 
industry changed to the promotion of international joint 
development and with that, the weight of independence 
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gradually increased. Since that was one step to take, this 
is the desire to make things at any cost. 


And, this airplane, this was said before, but it probably 
belongs to the lower levels of airplanes sold to airlines; I 
think it’s the smallest. That was a good start for us; a 
good start for Japan, and it extended upwards when it 
became a product. Well, I don’t know how long it will 
take to go as far as SST, but in a sense, it was a very good 
project as a starting point and this was tried with all 
Japan’s energy. 

But, first, the thing called technology, we say that 
because we are technicians and we are saying there is a 
structure but there is no equipment or aerodynamics, but 
I think that technology as a busiess ts most lacking. This 
is said in the word “sales,” bu’. people have to be taught 
to really bring business out into the world. Technology is 
doing essential research or wind tunnel testing, if you’re 
Mr. Iwaki, but the viewpoint of how to bring up business 
people can’t be left out. If said rather roughly, “it’s no 
good without experience” and international business is 
one school. Therefore, can it be done on paper without 
leaving the site? or something like a business school done 
in one’s head? My feeling is that if such people are not 
fostered, things will be incomplete forever. Therefore, 
technology must be given a broad meaning. 


Sales and negotiations, if said more extremely, include 
everything from program management and negotiations; 
how do you foster the technology of such a field? You 
have to give up if you just say “it’s no good until you 
have experience.” A more extreme way to say it, people 
who have accumulated experience in another world will 
come into airplanes. Because there are many more fields 
with severe international competition, they can come 
from there, if it is heavy industry, which is tough. If that 
amount of effort is made, not much will change in the 
future. That means that because this YSX is at hand, it 
should be the starting point for fostering such fields, 
including our omitted fields. And because this is the 
start, a version to continue for a number of decades is 
put out beforehand, then this should make the roots of a 
big tree for putting out airplanes. I'm thinking of air- 
planes with that character. 


Fujitsuna: I think what was just said is the same for 
engines as well. The policies agree completely, as said by 
Mr. Shiroishi. Besides when aspects inherent to engines 
are supplemented, in the sense that we take on leadership 
on the technical side, now the next project might be 
difficult, but in the end, in order to reach the standpoint 
of an international co-leader, besides the low pressure 
system module for which we took charge in prior inter- 
national joint development, this time | think we want to 
get into the high pressure system module because any 
one part of that is good. Now with that as the target, 
we're looking for partners. 


Also, about the point about business technology, I have 
absolutely the same feeling and as a prerequisite for that, 
I think the capacity for engine concept design has to be 
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raised. Capacity technology and entrainment design 
technology form the core of this concept design. The 
latter becomes power plant engineering if seen from the 
fuselage side, but the human resources to ensure this 
technical strength, in other words people who can 
entirely understand the contract specs with the fuselage 
manufacturers, support the marketing sales unit, and 
precisely make sales negotiations (negotiations with fuse- 
lage/nacel manufacturers, negotiations with airlines) 
must be fostered. 


Moderator: For example, I am unexpectedly standing on 
both standpoints in actuality, talk about the meaning of 
human resources in the broad meaning of business has 
come out, but what definite opinions about that are 
there? Such upbringing of course is a future issue, but for 
example, first the most effective is to bring in a person 
trained in the business of another field, oppositely there 
are persons mainly in the airplane field studying business 
as well; is there any interesting talk about how it would 
be to really do those? For example, I heard many airline 
people are going into Boeing and making those sales 
together; making things, in a certain sense, there are 
some things whic! are very difficult to do among rivals 
up to that point. 


Fujitsuna: There are places where that is so because of 
airlines being customers as seen by Boeing. 


Iwaki: If it’s America, ther isn’t it a united market? 
Business st:ategists select the people who were super- 
managers; that is done all the time. 


Fujitsuna: Before we talked about the capacity tech- 
nology, and while only part of capacity technology is 
done in international joint development, the engine side 
received engine operation testing as the allotment of the 
technical work. Japan’s capacity for performing engine 
operation testing is highly evaluated even internation- 
ally. At the time of the RJ-500, the operating time ratio 
of Rolls-Royce and Japan was 1:2 and was Japan’s 
overwhelming victory. For each of a total of two engines 
in Japan and Britain were produced and operated, but 
upon the discussion of “where to operate” the one 
remaining at the end, Rolls-Royce, passing over their 
own shop, said “have it operated in Japan.” Therefore 
the relationship became such that the Rolls-Royce tech- 
nicians called to the enemy from their internal assembly 
and operation shop. 


We were allotted engine operation for the V-2500 as 
well, this did not receive the support of MITI, but for the 
GE-90 also, we received operation and are going around 
the Mizuho Plant of our company; the capacity tech- 
nulogy is being fostered in this. If there is nothing like 
that for the capacity technology for civilian engines, it 
will become a capacity for technology which cannot be 
neglected by both quality and quantity. Also, on the 
other hand, as Mr. Shiroishi said before, in the technical 
development of the Defense Agency, Japan is doing the 
concept design of engines by its own efforts and per- 
forming engine operation testing; raising the integration 


capacity of engine systems can be expected, there as well, 
improved capacity technology and entrainment design 
technology is contrived. In this way, while sustaining the 
technical power of these fields and human resources, 
persons having business sense will be found from among 
those people and those human resources will be sent into 
the technology of business said by Mr. Shiroishi. Of 
course, this is one way of thinking as discussed here; in 
others, there are many ways to strengthen the technology 
of business and they are being seriously considered at 
our company. 


Umezawa: If there’s no project then real proposals don’t 
come out. (Laughter) 


Therefore, for succeeding with cne project and along with 
succeeding technically, for development abroad, it is nec 
essary to activate Japan’s commercial firm organizations 
and financial capacity for example. Now, since Japan’s 
financing is positioned at the top in the global civilian 
airplane sector, how that financial capacity is applied is 
not concrete without a project and is just a theory. There- 
fore, YSX is not done anyhow. For example, when such a 
project does not work, including the tradition of tech- 
nology and the fostering of human resources, it really does 
not come to work. So, well, anyhow. 


The FSX program advanced unexpectedly, next, nothing 
other than this in those developments. It won’t be linked 
to YSX not being made a step for rapid progress. 


Moderator: It seems that there is some slight dissatisfac- 
tion but to a certain extent, it might necessary to produce 
one by one that which can be managed by one person. 


Dealing with the supersonic era 


Fujitsuna: In the sense of making engine products in a 
series or of product line-ups, earlier there was talk of 
subsonic planes before SST; we think in the same way. 
Because small engines are coming into range at that point, 
the excluded class does not have the class of engines from 
40,000 to 60,000 pounds as represented by thrust; that is 
what follows small. But, if you want to make efforts for 
SST, you have the viewpoint that the technology used in 
the SST engine will necessarily dominate the 21st century. 
In effect, there is rapid progress between the technology 
currently to be introduced in the SST fuselage and engine 
and present technology. Because of the idea that the 
country leading this rapid progress leads the industry and 
technology of gas turbines for land, sea, and air of the 21st 
century, America is making efforts for SST. To repeat that, 
it is recognized that it will become the base for the 2! st 
century gas turbine. 


Therefore, the entire engine is studied of course, but it is 
not possible to compete in all fields with the United 
States which is making ten times the technical develop- 
ment investment. However, I'd like five minutes for a 
number of key technologies. Therefore, with our 
thinking that Japan would like to prepare a number of 
optical products, the AMG company was formed in 
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March 1993 and is already beginning to get results under 
guidance from MITI and the Japan Key Technology 
Center. The turbo-jet of the HUPR project performed in 
that industrial-technical system is an engine optimized at 
mach 2.5 and went around in November. If it works, Japan 
will have realized an engine with possible supersonic 
cruising which has some rank in the world. Of course it’s 
just a model engine. Since thrust is 3.5 tons in a static state 
on the ground, it is at the level where it will be used if that 
is actually wanted. However, because it is a model engine, 
it is not enough because lifespan and engine weight are not 
yet realized, but as a concept it is becoming an engine with 
that position. Moreover, it is very significant that we 
ourselves are leading international joint research as the 
leaders, are beginning from concept design, and are doing 
operation testing and evaluation testing. 


But it’s too bad that in Japan there are no ATF (altitude 
testing facilities), that there are no outdoor noise testing 
sites; and continuing with the transonic wind tunnel and 
supersonic wind tunnels as Mr. Iwaki said first, the large 
scale testing infrastructure necessary for engine develop- 
ment are not being made one after the other. Now, there 
are activities ccrresponding to the Defense Agency and 
the Science and Technology Agency, much is expected, 
but currently they have to depend on foreign testing 
facilities. Even so, the evaluation of the HYPR turbo-jet 
engine can be done entirely by us. ; 


Consequently, this project, along with its technical sig- 
nificance, is making major contributions to the fostering 
of technicians. This technical capacity can be applied in 
the technical development of the Defense Agency, and of 
course to the SST as it is, furthermore part of the 
developed technology can be related to product develop- 
ment for subsonic airplane engines. We would like to get 
that strategic position now. 


Umezawa: Is that the free jet type? 


Fujitsuna: ATF testing of the turbo-jet engine is directly 
connected. The ramjet mode works in the free jet. 
However, that isn’t for all engines. 


Umezawa: At Kakuta. 


Fujitsuna: Yes, since we had it done especially in that 
form, we would like to connect those results effectively 
in the future. 


Iwaki: This talk about engines has come out now, but 
environmental adaptability in airplanes from now on is 
becoming a very important factor. In that respect the 
issues are concentrated mostly in engines. There are 
already noise standards for takeoff and landing and 
engine exhaust standards in airports, but from now on 
attention is being turned toward high altitude exhaust; 
and industrial associations do not support the work for 
the establishment of ICAO regulations, but in that case, 
I don’t exactly know if there are no high altitude testing 
facilities for the quantity of NOX exhausted at high 
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altitudes; since that technology is Deing pursued, I’m 
asking if NAL will be making those efforts. 


In industrial associations, an examination of facilities 
was made for us by a committee from government, 
academia, and business last year; I think the recognition 
of large scale testing facilities is rising little by little. If I 
could say a word about testing facilities for materials and 
structure, in Japan the basic research for materials is 
advancing, for example, the basic characteristics are 
understood in the case of using new composite materials 
and in the case of applying that to a real airplane, 
remaining strength after buckling is necessary, but the 
test data for that is very scattered and has difficult 
places. The multi-charged testing facilities for that have 
become truly necessary. Also isn’t a new technology 
necessary for caring during operation and the actual 
sensing of difficult problems such as the internal peel 
sound of composite materials (delamination). 


Fujitsuna Is that smart structure? 


Iwaki: That’s it. We recognize SST as one target for the 
21st century and it must be advanced as a technology 
oriented side for about the next ten years. In that respect, 
we must narrow the targets to handle while we hypoth- 
esize what will become of Japan’s airplane industry in 
the 21st century. 


Fujitsuna FJR was started in 1971, the agreement for the 
RJ-500 project was in 1978, the five country, V-2500, 
agreement was in 1983; it seems that the HYPR project 
is technical development in that range. 


Fujitsuna: Therefore, actually, I would like to think that 
the technology program narrowed to the essential ele- 
ments overseen by Japan in SST, really the SST engine, 
will be connected to post-HYPR projects. 


Iwaki: But I don’t think SST will be made with Japan 
becoming independent. 


Umezawa: Very large scale too. 
Iwaki: Yes. 


Umezawa: About that also, America and Europe are 
studying with great fervor. Because Japan has markets, 
there is talk of that, and Japan will participate. This is a 
tentative calculation, but Airbus also is thinking to sell 
about 25% in Jap2n (laughter). However, because there is 
that market, I think it’s bad to just be resigned to it and 
wait and see. This is also a field which should be handled 
a little more actively. 


Iwaki: Yes. The materialization of very large planes is 
very difficult since the structural weight becomes great 
by the principle of squares or cubes, but the industrial 
association had a one year study group last year. 


Umezawa: Wasn’t that done after then? 
Iwaki: Yes, this year. (Laughter) 
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In that case, in order to eliminate that, using new 
materials and examining new structural styles have really 
become necessary in order to make it large and light. As 
Mr. Umezawa just said, we recognize that resu!ts usually 
have to be gathered for that. 
We gathered persons connected with airlines and air- 
ports and passengers for a discussion. There are very 
difficult problems such as the problem of access to the 
airports and the problems in emergency times, and 
various actual results must be collected for the necessary 
technology. 
Moderator: While the environment surrounding the air- 
plane industry is changing greatly, there are also tech- 
nical fields which really can’t be done overnight; I think 
it’s good that we discussed various aspects concerning 
the future direction from a long term perspective which 
continues from this period of time. , 
I would really like to thank you all for taking time for this 
today. 

Outline for MITI’s FY95 Aerospace Related 

Budget Government Proposal 

95FE0103B Tokyo KIKAI SHINKO in Japanese 
Nov 94 pp 26-32 
[Article by Yuji Kanazawa, Machinery and Information 
Industries Bureau, MITT] 
[FBIS Translated Text} 


Evepetion of Syprastionsl islet Corstepmens of 
aleot, 5,763 —- 4 million) (1994 


1. Promotion of V-2500 plan 


The V-2500 plan is for the development of a high 
performance, low noise, low pollution turbofan jet 
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engine for medium-sized civilian airplanes; it has been 
promoted as an international joint development opera- 
tion from 1980. 


Pratt and Whitney of the United States (P&W), Rolls- 
Royce of Great Britain (RR), MTU of Germany, and 
Fiat Avio of Italy (Fiat), and the Japan Airplane Engine 
Company from our country are participating in this 
plan; they are performing development mainly as Inter- 
national Aero Engines (IAE) which is an international 
combined company established in Zurich, Switzerland. 


Japan is participating in this plan with a 23% share after 
America and Britain and is allocated the development 
and production of the fan, low pressure compressor, and 
part of high pressure turbine (Figure 1). 


The V-2500 engine, as a civilian engine, is the newest 
engine in the world; by having the latest technology at 
hand, such as the wide code fan using advanced bonding 
technology, all digital electronic engine control system 
(FADEC), active clearance control system (turbine blade 
interval control), and powdered alloy turbine disc, it 
realizes low noise to the world’s most severe noise 
regulations and exhaust pollution far below regulation 
values, along with achieving very superior fuel consump- 
tion compared to other types of airplanes in the same 
class (Figures 2 and 3). 


The V-2500 engine successfully acquired the type 
approval of the Federal Aviation Administration (FAA) 
of the United States in June 1988. In April 1989, it 
acquired the airplane type certificate to be loaded on the 
Airbus A-320 from the French aviation administration 
and began market entry from May of that year (Figure 4 
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Figure 2. V-2500 design 





[not reproduced]). As the superior capacities of the 
V-2500 such as low noise and low fuel consumption were 
proven, it was given a high evaluation. Already, this 
engine has achieved 1,600 orders (at the end of August 


1994) from the world’s airlines (38 companies); due to 
the order from Japan Air System, aircraft equipped with 
this engine are scheduled to fly in Japan’s skies from next 
year (Figure 5 [not reproduced]). 
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Figure 6. V-2500 family and types of craft equipped 





Meanwhile, currently, in order to meet various needs 
and correspond precisely to market activity, the thrust of 
the V-2500 is strengthened and derivative development 
corresponding to the engine body side system is being 
promoted (Figure 6). 


In 1995, design improvement, element testing, and flight 
testing for the V- 2500 derivative engine will be per- 
formed. 


2. Promotion of YXX plan 


The YXX plan applies a wide range of new technology 
and is to develop a new generation, intermediate civilian 
transport plane having superior economic characteristics 
along with low pollution, high safety and reliability, and 
for which a high demand is estimated for the future, with 
international joint operations. Japan is scheduled to 
participate in planning in every area of development, 
production, sales, product support based on the Y X/767 
experience. 


Japan’s airplane manufacturers started a preliminary 
design independently in 1981 and then performed var- 
ious types of design and testine. 


After offers for international joint development were 
received from Boeing, McDonnell-Douglas, and Airbus 
Industry respectively in 1981, the work of selecting 
partners for progressing with joint development 
advanced, but an agreement of principles about the 
progress of future joint work was reached with Boeing 
and a memorandum of understanding was signed with 
Boeing in March 1984. Furthermore, more development 
of joint operations and the completion of the joint 
management system were promised and a second mem- 
orandum of understanding was concluded in March 
1986. 


Airplanes of the same class, the MD-90 of McDonnell- 
Douglas, the A-319 of Airbus Industry, and the B-737 
remodeled plane of Boeing are at the level of develop- 
ment and conceptualization, but for now, the YXX plan 
has been limited to operations such as basic research and 
development to raise still further the most necessary 
property of high energy conservation and to market 
activity investigations such as airline demands and spec- 
ifications; preliminary operations which provided for 
the start of full scale development have been performed. 


In November 1993, Boeing decided to start the develop- 
ment of the B- 838X which is a derivative of an existing 
airplane. Boeing and Japan’s airplane manufacturers 
made an study of the handling of the YXX program and 
have frozen operations from this year because of 
agreeing with the recognition that “operations con- 
cerning the YXX are temporarily frozen at present, but 
they will be reopened based on the results attained up to 
now according to changes of market conditions.” 


3. Promotion of B-777 plan 


The B-777 plan is for the joint development with Boeing 
of the United States of the 350 seat class twin-engine 
civilian transport/B-777 for which increased demand is 
predicted due to developments such as increased conges- 
tion of principal airports of each country and aviation 
liberalization (Figure 7). The B-777 is scheduled to reach 
the market next year and is a long term and massive 
program spreading over the next century based on the 
original revolutionary concept of the B-747, a large 
twin-engine airplane. Many new technologies arc used, 
for example the broad usage of new elements such as new 
alloys, composite materials, and systems to ensure higher 
reliability like fly by wire (Figure 8). 


Since 1989, Boeing made a study of the development 
plan for a large, 350 seat, twin-engine airplane (767-X) as 
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Figure 8. New technology applied to B-777 





a new airplane positioned between the B-747 (400 to 500 
seats) and the B-767 (250 seats). As a result of indepen- 
dent examination of how to respond to this market, 
Japan’s airplane manufacturing sector also judged that 
the risk is high but the idea of a very large, twin-engine 


airplane could become a strategic program to extend into 
the next century; they fixed on a policy for maximum 
participation in planning this joint development and 
concluded the MOU with Boeing in April 1990 and 
started preliminary joint operations. In October of that 
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year, Boeing won a definite order for 34 airplanes from 
United Airlines of the United States and decided upon 
full scale development. In December of that year, three 
Japanese fuselage manufacturers and Boeing agreed 
upon the principal points of joint operations and signed 
a revised MOU. 


In February 1991, the Japan Airplane Development Cor- 
poration (JADC) started the full scale development oper- 
ations on the Japanese side; in May of that year, Boeing 
and JADC concluded a joint development contract. 


Currently, operations such as detailed design operations 
are advancing smoothly following the schedule agreed 
upon with Boeing. 


Japan’s airplane manufacturers are allotted about 21% of 
the development operations for the most of the fuselage 
section, the central wing, the wing body faring, and the 
main wing rib; they are participating in the planning, not 
only of the development and production of the allotted 
areas, but also development operations at the so-called 
program level like the work of acquiring the type certif- 
icate and business areas like sales and finance. 


Design improvement operations reflected in the produc- 
tion drafts and operations for the repair of assembly 
machine tools corresponding to design changes will be 
performed in 1995 based on the flight test results. 


Development study for next airplanes (1995 
—-- ) (1994 budget: ¥ 818 


Japan made a development study for next generation 
airplanes in order to contribute to the international 
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society, along with further strengthening the foundation 
of Japan’s airplane industry, by learning the capacity for 
project formation for airplane development. 


Continuing from 1994, the “Supersonic transport plane 
development study” and the “Small civilian transport 
plane development study” will be performed in 1995. 


1. Supersonic transport plane development study 


In the future, a major expansion of air transport demand 
in mainly Pacific lines will surely be seen following the 
increase of long range transport, mainly iniercontinental, 
especially with the development of the Pacific economic 
sphere. And, with the increase in time value, the neces- 
sity for supersonic transport planes is inevitable at the 
beginning of the 21st century. 


It is highly possible that the development of supersonic 
transport planes will become an international joint project 
in the near future. For Japan, independent participation in 
this project is indispensable from the perspective of active 
contribution to the international economy and the expan- 
sion of international exchange in the most advanced fields 
of technology through a major technology development 
project. 


Therefore, the supersonic transport plane development 
study is being conducted in close cooperation with 
“Research and development of propulsion systems for 
supersonic transport planes” (Footnote) (Concerning 
“Research and development of propulsion systems for 
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Figure 9. Principal technical issues for supersonic transport plane development 
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Figure 10. Extreme environment resistant advanced materials 





supersonic transport planes.”) and “Research and devel- 
opment of extreme environment resistant advanced 
materials” begun in 1989 to raise Japan’s basic power 
(Figures 9 and 10). 


In 1995, we will attain information concerning system 
integration technology, indispensable as judgement 
materials when determining fields to participate in the 
planning and to contribute on an equal standing in joint 
research and development with Europe and the United 
States. Concretely, we will perform related technology 
investigation and development and prototype testing of 
systems and subsystems. 


Also, environmental impact studies and market studies, 
which become important keys to the materialization of 
supersonic transport planes, will be performed continu- 
ously from 1994. 

Essential research necessary for the development of the 
combined cycle engine which can achieve high reliability 
and good fuel consumption in a wide range of speeds 
from low speeds to mach 5 (Figure 11) is conducted and 
the trial manufacture of the prototype system is ‘per- 
formed based on those results. 

It is scheduled to perform the plan for ten years from 


a with total research and development costs of ¥ 28 
ion. 
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Figure 11. Combined cycle engine concept 
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Four major foreign engine manufacturers are also par- 
ticipating in this research and development and interna- 
tional joint research in high tech fields is anticipated. 


2. Development study for small civilian transport planes 


A high demand for 50 to 100 seat class civilian transport 
planes is estimated for the future, there is a great 
possibility for performing international joint develop- 
ment in the near future. 


Japan has experience with this class of airplane in having 
developed the YS-11 in the 1950’s; playing an indepen- 
dent role is anticipated in the case of performing inter- 
national joint development in the near future. Per- 
forming international joint development will contribute 
greatly to the promotion of international cooperation in 
high tech fields. 


Also, inside Japan, this has great significance from the 
perspective of regional activation in order to contribute 
greatly to the preparation of a network among bases by 
improving transport convenience with shortening oper- 
ating time and increasing the number of flights due to the 
use of jets. 


In the development study for small civilian transport 
planes, a study of the three items of markets, partners, 
and operations will be started in 1995. In particular, the 
aim is to begin sales activities by drafting operations 
such as the development mass production schedule and 
business plans, along with making the final narrowing of 
partner candidates and performing the wind tunnel 
testing and other technical tests necessary for settling 
shipment time, fuselage price, and guaranteed capacity, 
which are indispensable for offers for airlines. 


In the development study for engines for small civilian 
transport planes, a comprehensive market study and full 
scale deliberation and negotiations with partners will be 
performed in 1995 based on the progress of the plan for 
small civilian transport plane development. A more 
detailed development operation pian will be prepared, 
basic design operations and testing for full scale devel- 
opment will be performed on a preliminary basis, and 
the technology will be established. 


Outline for STA’s FY94/95 Aerospace Budget and 
Aerospace R&D 


95FE0103C Tokyo KIKAI SHINKO in Japanese 
Nov 94 pp 33-36 


[Space Activities Planning Division, Research and 
Development Bureau, Science and Technology Agency] 


[FBIS Translated Text] 


Outline of the 1994 aviation related budget (for the 
Science and Technology Agency) 


In airplane related research and development, the 
National Aerospace Laboratory (NAL) of the Science and 
Technology Agency (STA) is performing the preparation 
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and improvement of various types of wind tunnels and 
flight experiment facilities, along with research for the 
revoluti aerospace transport requisite technology. 
The budget for the NAL which is the aviation related 
budget of the STA has been liberal over the past several 
years and the original 1993 budget was ¥ 11.5 billion in all. 
However, in the economic policy revised budget of that 
year, from the first to the third, it amounted to a total of 
¥ 10.5 billion and the repair of ageing facilities and the 
preparation of super parallel computers advanced. 


The 1994 original budget was ¥ 11.948 billion, 3.7% 
higher than the previous year, research for unmanned 
winged returning craft became separate, for testing and 
research costs, as a new research item. Also, expenses for 
the research of revolutionary aerospace transport 
required technology from the past continued to increase 
from the previous year with the completion and devel- 
opment of the research. Another new point is the addi- 
tion of the research item of the structural safety for 
deterioration over time of airplanes. 


Testing facilities and facilities related costs were slightly 
reduced as the hypersonic wind tunnel enlargement 
preparations and transonic wind tunnel special repairs 
ushered in the final year. Meanwhile, for flight experi- 
ment facilities preparation, the operating costs of the 
hypersonic wind tunnel with partial operations begin- 
ning from this year were appropriated, along with repair 
and maintenance costs for the airplane Dornier 228 for 
the experiments; and it remained on the same level as a 
whole compared to the previous year. 


Necessary costs for research and development of aviation 
technology (see figures) 


1. Revolutionary aerospace transport requisite 
technology (Aviation portion: ¥ 135.6 million) 


Based on the report for the second inquiry and the report 
for the eighth inquiry of the Aviation and Electronics 
Technology Council, NAL is advancing basic and 
guiding research for the priority technology necessary for 
efficient and low pollution subsonic airplanes or super- 
sonic-hypersonic airplanes aiming for the 21st century 
from 1987. In 1994, there was a ¥6 million increase 
because costs for “research of propulsion system tech- 
nology” were increased. 


Research items such as: 

(1) new morpholaminar control technology, 
(2) thermoplastic tailoring technology, 

(3) intelligent flight control system technology, 


(4) high bypass ratio variable form engine continued to 
advance. 


Also, research (¥ 4 million) of high Reynolds number 
aerodynamic testing technology is being started; fixed 
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upon future high Reynolds number wind tunnel 
preparation, research of the principal technology of 
the aerodynamics necessary for that is being promoted 
as a priority. 


2. Research of structural for deterioration over 
time of airplanes (¥ 27.2 ) 


The new problem of structural safety, such as the rapid 
destruction of the structure due to the reciprocal opera- 
tions of corrosion and fatigue, which did not exist before 
now is appearing with the ageing of civilian transport 
airplanes. In order to handle this problem, new research 
on the deterioration over time of airplane structure is 
being performed and will be promoted as a priority in 
the future. 


(1) Research on damage location evaluation systems, 
(2) development of joint stress analysis methods, 


(3) development of airplane structural reliability anal- 
ysis models are advancing as research items. 


3. Transonic wind tunnel special repairs (¥ 747 million) 


NAL is centralizing and preparing large aerospace tech- 
nology testing facilities and installations and is contrib- 
uting major results to the research and development of 
airplanes and rockets as a research organization pro- 
viding for the common use of related organizations. 
Among these installations, the transonic wind tunnels 
which are remarkably old and out of date are being 
repaired and this year will be the final year. Also, partial 
operations were started in 1993. 


4 Fil ae nn ore 


The experimental airplane Dornier 228 is being repaired 
and maintained with the objective of completing and 
promoting research concerning advanced aviation tech- 
nology starting with flight safety problems, environ- 
mental problems such as noise, and guidance control. In 
1994, the basic design for the repairs will be made. 


5. Transonic flutter testing installation repairs (¥ 128 
million) 


The repairs of 1993 (Secondary revised budget) with the 
objectives of counteracting the ageing of the installation 
and counteracting the disturbance of wind tunnel air 
flow will be continued. 


6. Other 


Personnel costs, operating costs, per person research 
costs, big computer rentals for numerical simulations, 
composite material structural testing installation oper- 
ating costs, flight costs for experimental airplanes, utili- 
ties costs, etc. 


21 


Necessary costs for research and development of 
science technology (see figure) ™ 


1. Research of revolutionary aerospace transport 
technology (space section:¥ 272 million) 


Toward the 21st century, research and development for 
the priority, required, advanced technology for space 
return craft going to and from space easily and economi- 
cally such as unmanned, winged return craft and the 
spaceplane which are necessary in order to establish an 
efficient space transport system are being performed for 
the establishment of the required technology for revolu- 
tionary aerospace transport, along with developing unre- 
stricted space development activities. This was further 
developed in 1994 and was reduced from the previous 
year’s ¥ 328 million because of research items such as 
aerodynamic technology, new composite material struc- 
tural technology, flight control technology, numerical sim- 
ulation technology, and engine technology for orbital con- 
nee ne ne er Senne en NON 
Research items such as: 

(1) research of system outline for space return craft, 


(2) research concerning systematization of required 
technology continue to advance. 


2. Research of unmanned return craft (¥ 718 
winged tf 


This was made an independent research item from 1994. 
Along with research on the requisite technologies of aero- 
dynamics, structure, navigation and guidance control, pro- 
pulsion systems, and numerical simulation, preceding 
research teward practical application and research of the 
flight experiment plan are being performed with the objec- 
tive of establishing the technical foundation for developing 
unmanned winged return craft. 


Important research items are: 

(1) research of landing demonstration technology; 

(2) research of hypersonic speed flight demonstration 
technoiogy; both are performed jointly with the 
National Space Development Agency. 


3. Research of advanced rocket engine elements 
(¥ 124 million) _ 


The leading research of space transport systems since the 
H-2 rocket is focusing on advanced rocket engine tech- 
nology and is advancing with the target being to improve 
reliability all the more and the technology necessary for 
interorbital transport craft based on the research results of 
research (1993; ¥122 million) on liquid oxygen-liquid 
_o rocket engine elements which advanced until 
1993. 


Research items are: 
(1) research to improve reliability of engine elements; 
(2) research for reusable rocket engine elements. 
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4. Research of basic satellite technology (¥ 44 million) 


The Tis proeiap research and development for the 


advanced technology which is indispensable for the 
future in the basic technology to construct satellite 


(including the space station) systems is being performed 
in order to respond to unmanned and manned space 
er er aim asp Gennes ent hi 

high levels. 

The research items,: 

(1) research of rendez-vous docking technology, 

(2) research of condensing solar thermal power genera- 
tion technology 


s 


(3) research of large ion engines continue to be 
advanced. 


5. Research of space environment utilization 
experimental technology (¥ 143 million) 

In the future, preceding and basic research aimed at 

establishing space environment utilization will advance 

in order to promote effective space utilization which is 
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(2) research of space utilization technology, 


(3) research of technology to withstand the space envi- 
ronment. 


tr ie en 


The enlargement and preparation of hypersonic wind 
tunnels is being performed to respond to the research 
and development of aerodynamic technology for 
year is the final year and partial operations are being 


7. High temperature shock wave wind tunnel 
preparation (¥ 20 million) 


High temperature shock wave wind tunnels are being 
prepared to respond to the research and development of 


basic design was made in 1994. 

































































vanheenabenieamens 8. Other 
Ransasch Same are: Operating costs, supersonic wind tunnel special repairs, 
(1) requisite technology research, research facilities conservation costs. 
Table. 1994 budget for National Aerospace Laboratory, STA (unit: million yen) 
NAL total budget 11,948 
Total vudget related to aviation technology 7,890 
Revolutionary aerospace transport requisite technology research (aviation part) 136 
Research of structural safety for deterioration over time of airplanes 27 
Installation and facilities maintenance costs (aviation part) 3,095 
(1) Transonic wind tunnel special repairs 747 
(2) Flight experiment facilities maintenance 50 
(3)Transonic flutter test installation repairs 128 
Personnel costs 3,716 
Operating and business costs 917 
Total budget for space science technology 4,058 
Revolutionary acrospace transport requisite technology research (space part) 272 
Unmanned winged return craft research 718 
Advanced liquid (from H5 liquid oxygen-liquid hydrogen) rocket engine element research 124 
Satellite basic technology research a4 
Space environment utilization experimental technology research 143 
Installation, facilities maintenance costs (space part) 2,207 
(1) Hypersonic wind tunnel enlargement and preparation 867 
(2) High temperature shock wave wind tunnel preparation 20 
Operating and business costs 706 
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Outline of 1995 Aviation related budget (STA part) 


The 1995 government budget proposal is currently being 
drawn up in the government (Ministry of Finance), but the 
roughly estimated, aviation (space) research related 
requirements (required of Ministry of Finance) of the STA 
demanded ¥ 12.6 billion (105.1% of that of 1994), having 
received Report 18 (June 1994) of the Aviation and 
Electronics Technology Council to show the goals for 
Japanese aviation technology and the promotion policies 
and the report of the Space Development Committee Long 
Term Vision Discussion (July 1994) to show how to nave 
space development toward the 21st century. Since this is at 
the request level, a simple outline is introduced below. 


1. Necessary operating costs for aviation 
research and development (¥ 8.531 billion) 

For testing research costs, besides the revision of “Rev- 
olutionary aerospace transport requisite technology 
research (aviation part)” which was the core research up 
to now and the request as “High speed airplane tech- 
nology research” (¥ 220 million), the increased demand 
of “Research of structural safety for the deterioration of 
airplanes over time” (¥91 million) as research con- 
cerning aviation safety technology and the new demand 
of “Research of aviation human factor” (¥ 30 million) 
are being made upon the receipt of the above Report 18. 


In testing installation and facilities maintenance related 
costs, the request for “Flight experiment installation 
maintenance” (¥ 56 million) was made and the repair 
and maintenance of the airplanes for experiments was 
started along with the advance of “Transonic flutter test 
facilities repairs” (¥ 439 million) continuing in 1994. 


Also, for the testing and research installations necessary 
for Japan’s future aviation technology research and 
development, the request is made for operating costs 
concerning the basic design of “High altitude environ- 
mental testing facilities for engines” given as a high 
priority in the above report. 


2. Coste masennney Se Bo Cepseee one Comsepmans of 
space science technology (¥ 4.026 billion) 


As in the above discussion report, a goal is the launch of 
unmanned winged return technology test craft in the 
next century; in order to advance the research necessary 
for its development, the prior “Revolutionary aerospace 
transport requisite technology research (space part)” was 
retitled “Spaceplane research” (¥ 278 million) from 
those research details and a request is being made, along 
with the request of an increased amount for “Unmanned 
winged return craft research” (¥ 1.046 billion). 


Also, besides the request for an increased amount to 
continue promoting the necessary research for 
“Advanced liquid rocket engine element research” 
(¥ 169 million), “Research of satellite basic technology” 
and “Space environment utilization experimental tech- 
nology research” are reorganized and requested as 
“Space base system technology research” (¥ 159 million) 


and “Environment utilization and manned space tech- 
nology research” (¥ 45 million). 


For costs related to testing installations and facilities 
maintenance, the request was made to start “High tem- 
perature shock wave wind tunnel maintenance” (¥ 664 
million), continued in 1994 design costs and related to 
research of unmanned winged return craft. 


Promotion of aviation technology research and 
development 


The STA is positioning the Aviation and Electronics 
Technology Council and performing deliberations and 
inquiries with the objective of “To deliberate the impor- 
tant items for the technology necessary for comprehen- 
sive testing and research (excluding that which falls 
under the administration of other governmental organi- 
zations) which requires the cooperation of many depart- 
ments and concerning aviation technology, electronics 
technology, and other science and technology” 
(excerpted from an STA organizational order). 


Report 2 “Research and development concepts for avi- 
ation technology in the long term outlook” (September 
1984) and Report 8 “Priority issues and their concrete 
promotion policies in the research and development of 
energy conserving aviation technology” (August 1986) of 
the said council concern the research and development 
of aviation technology, but eight years has already passed 
since these reports were made and another i..quiry for 
the targets and promotion policies for Japan’s aviation 
technology in the 21st century was made in January 1993 
because circumstances surrounding airplane develop- 
mental research have greatly changed. Through discus- 
sions over one year after that, an overall Report 18 
“Promotion policies for long term research and develop- 
ment of aviation technology” (June 1994) was put out. 


The basic thinking of this report is the outlook until the 
year 2010 based on global movements and shows the 
direction and promotion policies for the research and 
development to be used over Japan's entire aviation 
technology without holding on to the ministry-agency 
framework. The following are concrete details. 


(1) To plan the cultivation of comprehensive efforts for 
system integration technology, in other words from 


airplane design to development and production. 


(2) To acquire high speed airplane technology for the 
21st century. 


(3) To promote further safety improvement technology 
and environmental adaptability technology. 


(4) To plan the preparation of testing i 
completion of 


ciently and smoothly. Then, it is important to prepare 
an environment where those are smoothly promoted 
under the cooperation of related organizations. 
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nology Research and Information Division, Agency of 
Industrial Science and Technology, MITI (Formerly of 
Aircraft Division, Bureau of Equipment, Defense Agency)]} 


[FBIS Translated Text] 


Foreword 


The request for the roughly estimated defense related costs 
for 1995 is ¥ 4.7269 trillion, a 0.9% increase of this year’s 
original budget. Reflecting the severe financial circum- 
stances of the present time, the extension percentage is the 
same percentage as the ratio of the 1994 original budget to 
that of the previous year and is the lowest since the 
introduction of the 1961 roughly estimated request level 
(ceiling). Also, annual expenditures for equipment up front 
were greatly reduced, becoming ¥ 762.1 billion, a 14.8% 
reduction compared to the previous year; the extension 
percentage of the previous year continued its four year 
decline. Of this, related to aircraft, there is a request for 
new procurement of 74 craft in the entire Land, Marine, 
and Air Self Defense Force. 


ene SC Gae eaane SS Oe ee 
orce 


The maintenance of Japan’s defensive power is performed 
under the “Outline for the Defense Plan” (below, “Out- 
line”) decided by the National Defense Conference and 
Cabinet Meeting in October 1976. In the Outline, based on 
“Basic defensive power concepts,” the level of the min- 
imum necessary defensive power to be held in peacetime 
by Japan, as an independent country, was clarified. 

Afterwards, based on this Outline, the Defense Agency 
made the “53 Operations” and the “56 Operations” for 
the “Intermediate Operations Estimate” which is a plan 
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for the Defense Agency over five years; however, as a 
result of examination within the government when the 
“59 Operations” was made, it was decided that showing 
both details and costs for the direction of the mid-term 
defensive power maintenance in government responsi- 
bility was desirable; and the “Intermediate Defensive 
Power Maintenance Plan” (below, “Intermediate 
Defense”) was determined by the National Defense 
Conference and Cabinet Meeting. 


In Intermediate Defense with the subject being 1991 to 
1995 as established in December 1990, the basic 
thinking of the Outline decided to consider 

the levcl of defensive power determined by this and to 
strive for the effective maintenance of the defensive 
power having rules, based on the circumstances of the 
level of defensive power determined in the Outline from 
before Intermediate Defense generally being achieved 
and with consideration of the changes in the interna- 


However, after the establishment of the Intermediate 
Defense, there were major changes in the internal and 
external circumstances surrounding Japan’s defensive 
power maintenance; because it is necessary to reflect those 
in the defensive power maintenance as early as possible, 
the revision of the plan after three years with that plan was 
made in December 1992 without waiting for those. 


For the revision, concerning principal equipment, pri- 
ority is placed on appropriately maintaining the level of 
defensive power determined in the Outline as a whole, 
making an examination of how to have defensive power 
is kept in mind from the perspective of advancing 
maintenance in a more liberal form; attention is given to 
relaxation of the some execution preparedness for the 
functions, along with remaining partially aloof from the 
performance of operations determined in the plan; the 
correspondence with the technical level of other coun- 
tries is considered, and efforts are made for the modern- 
ization and renovation of aging facilities and correcting 
lost functions. (See Table 1) 





Table 1. Scale of maintaining principal equipment in the Intermediate Defense Revision (Related to aircraft) 






































Affiliation Type Scale of maintenance 
Original After revision 
Land Seif Defere Force Anti-tank helicopters (AH-1S) 20 18 
Transport helicopters (CH-47J) 14 12 
Marine Self Defense Force Anti-submarine fixed wing patrol planes (P-3C) . 5 
Anti-submarine helicopters (SH-60J) % 31 
Minesweeper helicopters (MH-53E) 1 1 
Air Self Defense Force Ambush fighter planes (F-15) 42 29 
Transport planes (C-1 30H) 3 1 
Transport helicopter (CH-475) 2 2 
Early warning contro! plane 4 4 
Medium training craft (T-4) 90 68 
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Based on the current severe financial circumstances, 
1995 airplane maintenance is performed based on the 
basic policies of contriving the maintenance and contin- 
uation of the balanced condition as overall defensive 
force in the final year of the revised Intermediate 
Defense while considering further rationalization and 
efficiency of the business and organization, appreciating 
the vital importance of business, and controlling further 
and performing the remaining business of Intermediate 
Defense which was already revised downward, along 


with considering equal acquisition, based on renovation 
of aging equipment for up front equipment in particular. 


Outline of 1995 roughly estimated requests 


Table 2 shows the roughly estimated requests for new 
procurement of aircraft in the Defense Agency in 1995. 
The number of aircraft is 75, an increase of 13 compared 
to the 61 aircraft in the 1994 budget. Meanwhile, the 

cost is ¥ 250.9 billion, a reduction of ¥ 45.9 
billion (- 15.5%) compared to the ¥ 296.8 billion of the 


1994 budget. 





Table 2. Roughly estimated requirements for new procurement of aircraft for the Defense Agency (Unit: million yen) 













































































Classification Nosaber of crait 1 ae senna Ammen) Future Note. 
(A) (B) capenditure Atabohbie y 
Aircraft 74 250,935 560 250,375 Average price 
(BY(A) 
(Land Self Defense Force) 33 $2,487 . $2,487 
(1) Anti-tank helicopter AH-1S a 10,367 0 10,367 2,592 
(2) Observation helicopter OH-6D il 4,018 0 4,018 365 
(3) New multipurpose helicopter 3 10,190 0 10,190 3,397 
UH-60JA 
(4) Multipurpose helicopter UH-1J 13 15,593 0 15,593 1,199 
(5) Transport helicopter CH-47J 2 12,318 - 12,318 6,159 
(Marine Self Defense Force) 17 80,951 67 80,884 
(1) Anti-submarine helicopter SH-60J) « 40,433 0 40,433 5,054 
(2) Electronic war data collector EP-3 i 12,677 0 12,677 
(3) Electronic war training support craft i 13,898 0 13,898 
UP-3D 
(4) Rescue seaplane US-1A i 8,169 0 8,169 
(5) Rescue helicopter UH-60J i 4,047 0 4,047 
(6) ry level maneuvering training craft 2 dha 67 917 492 
(7) First level maneuvering training 3 742 0 742 247 
helicopter OH-6D 
(Air Self Defense Force) 24 117,497 493 117,005 
(1) Ambush fighter F-15 5 57,658 54 57,603 11,532 
(2) Transport plane C-130H i 5,542 61 5,481 
(3) Transport helicopter CH-47J i 4,529 0 4,529 
(4) Intermediate training craft T-4 10 27,638 165 27,473 2,764 
(5) Transport olane-rescue plane basic i 1,174 rT | 1,156 
maneuvering training craft T- 400 
(6) Search and rescue craft U-125A 6,493 89 6,404 3,246 
(7) Rescue helicopter UH-603 7,216 0 7,216 3,638 
(8) Multipurpose support craft U-X 7,187 105 7,082 3,594 




















Since 1995 is the final year of the revised Intermediate Defense, the conditions of its progress are as in Figure 1. Also, 
Figure 2 shows the transition of the Defense Agency aircraft procurement budget. 
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Figure 1. Progress conditions of Intermediate Defensive Power Maintenance Plan (Aircraft related) 
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Figure 2. Transition of Self Defense Force aircraft procurement budget 











The following is an outline of the principal aircraft. 
“Land Self Defense Force” 


(1) AH-1S 
This is an anti-tank helicopter equipped with anti-tank 
missile TOW, rocket shells, and 20 mm guns; procure- 
ment was started in 1982. Fuji Heavy Industries had 
licensed production in technology cooperation with the 
Bell company of the United States. Currently at the end 
of August 1994 (below, “currently”), we have 79 craft; 
they are positioned at Hachinohe and Obihiro. 
(2) UH-GOJA 

multi-purpose helicopter with improved 
viability and safety, mobility, and entrainment; the 
budget is requested for procurement to start in 1995. The 
parent craft is the U.S. Army UH-60L and improve- 


ments are being made to adapt it for use requirements of 
the Land Self Defense Force. As the successor to the 


UH-1H, it will be used in combination with the UH-1J 
for which procurement already started. (See Figure 3) 


(3) UH-1J 


This is a multipurpose helicopter for which procurement 
began in 1991 and having improved viability as the 
successor to the UH-1H. Fuji Heavy Industries had 
licensed production in technology cooperation with the 
Bell company of the United States. Currently we have 17 
craft; they are positioned at Okatama and Akeno. 


(4) CH-473 


This is a transport helicopter (Moreover, procurement of 
the CH-47J began that year to ensure final transport 
functions in the Air Self Defense Force as well) for which 
procurement began in 1984 as the successor to the 
V-107J, for the improvement of the air transport 
capacity and in-air maneuverability. Kawasaki nd 
Industries had licensed production in 

eration with the Bosing company of the United States. 
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Principal Capacities 
‘ew Capacity 
Twin engine 
wensetty Multiple operation systens 
Safety Main area has resistance to strikes of 
20 am class shells 
Mobility Very low altitude flight is possible 
Entrainment Over 2 tons 
Can be ith air to 
Firepower Can, be equipped with air to ground 

















Figure 3. New multipurpose helicopter (UH-60JA) 





Currently the Land Self Defense Force has 31 craft and 
the Air Self Defense Force has 15 craft. 


“Marine Self Defense Force” 


(1) SH-60J 
This is an anti-submarine helicopter for which procure- 
— craft started in 1988 and which 
from 1983 as the successor to the HSS- 
3B it hes US. Naval anti-submarine helicopter SH-60B 
(by Shicorsky of the US) fuselage as the parent craft, it 
was improved by being equipped with electronic instru- 
ments adapted to Japan’s usage, and its first flight was in 
August 1987. Mitsubishi Heavy Industries continued 
and oversaw production (technical cooper- 
ation with Shicorsky of the US). Currently, we have 39 
craft; they are positioned in Atsugi and Tateyama. 


(2) EP-3 

This is an electronic war data collector for which pro- 
curement began in 1986 to ensure the capacity for 
collecting electronic war information. It has the P-3C as 
the parent craft; Kawasaki Heavy Industries had licensed 
production in technology cooperation with the Lockheed 
company of the United States. Currently we have 2 craft; 
they are positioned in Iwakuni. 

(3) UP-3D 

This is an electronic war training support craft for which 
procurement began in 1994 to support air defense war 
training at the squadron level in the full scale electronic 
war environment with large, high output electronic jam- 
ming instruments. It has the P-3C as the parent craft; 
Kawasaki Heavy Industries had licensed production in 
technology cooperation with the Lockheed company of 
the United States. 
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(4) US-1A 


This is a seaplane for search and rescue for which 
procurement began in 1972. It is independently pro- 
duced in Japan by Shin Meiwa Industry. Currently, we 
have 7 craft and they are positioned in Iwakuni. 


(5) UH-60J 
See item (6) for the Air Self Defense Force. 


“Air Self Defense Force” 


(1) F-15 


This is the world’s first class fighter plane developed by 
the U.S. Air Force as the essential air command fighter 
plane; in the Air Self Defense Force, its procurement 
started in 1978 as the successor to the ambush fighter F- 
104J. Mitsubishi Heavy Industries had licensed produc- 
tion in technology cooperation with the McDonnell- 
Douglas company of the United States. Currently we 
have 143 of the model J single seat planes and 34 of the 
model DJ multiple seat planes; they are positioned in 
Chitose, Yuri, and Komatsu. 


(2) CH-47J 
See item (4) for the Land Self Defense Force. 


(3) T-4 

This is an intermediate training craft domestically devel- 
oped as the successor to the T-33. Development was 
started in 1981; the first flight of the trial produced craft 
(XT-4) was in July 1985; mass production was started in 
1986. Kawasaki Heavy Industries oversees development 
and production. Currently, we have 121 craft; they are 
positioned in Hamamatsu and Chitose. 


(4) T-400 


This is a basic operation training craft for transport craft 
and rescue craft to foster operators of transport craft and 
rescue craft effectively and efficiently. The fuselage was 
developed as the MU-300 by Mitsubishi Heavy Indus- 
tries, but afterwards the ion rights were trans- 
ferred to the Beach Aircraft Co. of the United States. It 
has been procured through imports since 1992. We 
currently have three craft; they are positioned in Miho. 


(5) U-125A 


This is a search and rescue craft corresponding to the 
reduced force of effective search and rescue craft (MU- 
2), having the capacity to drop aid resources, and having 
superior search capacity and cruising power compared to 
—_ t craft. Procurement through imports began in 
1992. 


(6) UH-60J 


This is a rescue helicopter procured since 1988 as the 
successor to V-107A to have improved rescue capacity. 
(Moreover, it is being procured as the successor to the 
S-61A in the Marine Self Defense Force as well.) This is 
the U.S. Army multipurpose helicopter UH-60A revised 
into a rescue craft; Mitsubishi Heavy Industries had 
licensed production in technology cooperation with the 
Shicorsky company of the United States. Currently, the 
Air Self Defense Force has 11 craft and the Marine Self 
Defense Force has 6 craft. 


(7) U-X 


This is a raulti-purpose support craft to respond to the 
reduced power of the command response craft (B-65), 
along with the improvement of multi- purpose support 
capacity (command response, air transport, training sup- 
port, etc.); the budget has been request to start procure- 
ment from 1995. 


“Research and development” 


(1) Development of next support fighter (FS-X) 


Currently, to handle the support fighters (F-1) belonging 
to the Air Self Defense Force losing force from the 
second half of the 1990's, the U.S. fighter F-16 is being 
adapted to Japan’s usage concepts and geographical 
characteristics; it concentrates the superior technology of 
the United States and Japan and is being reformed and 
developed by the United States and Japan jointly (see 


Figure 4). 


The development of the FS-X was started in 1988 and 
the costs necessary for land testing and flight testing were 
appropriated in the roughly estimated requests for 1995. 


2 of small observation 
ome new helicopter 


The current observation helicopters OH-6D of the Land 
Self Defense Force will reach the end of their useful 
lifetime one by one from the end of the 1990's and the 
force reduction will begin. Therefore a small observation 
helicopter for which reconnaissance-warning and on 
board command- control are possible and which /s 
superior in very low altitude movement capacity, enemy 
search capacity, and viability required of future obser- 
vation helicopters is being developed as the successor. 


The development of the OH-X started in 1992; the costs 
for the trial production of the test craft for the flight tests 
to be performed from 1995 to 1997, ¥ 25.6 billion, were 
appropriated in the roughly estimated requests for 1995. 
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Figure 4. Development of the next support fighter (Outline of revision from the F-16 to the FS-X) 
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[Article by Harutake Nakamura, Manager, Small 
Civilian Craft Planning Division, Japan Aircraft 
Development Society] 


[FBIS Translated Text] 


Foreword 


The development investigation for the next small, civilian, 
transport plane, which has been long stopped since the 
YS-11, was started in 1989; from the results of those four 


years, the essentials of the market and investi- 
gation results have already been presented (See YSX 
chapter of the October 1993 issue of this magazine). 


The subject of this article is the technology operations 
from the work of 1993 performed by five cooperating 
Japanese fuselage manufacturers, mainly in the Japan 
Aircraft Development Society. 


Technology investigation results 

The subject of the development investigation is the 75 
seat class civilian transport plane (YSX-75) and the 
fuselage for the regional market. Regional airlines cur- 
rently fly mostly turboprop planes; while recognizing the 
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high speed and comfort of jet planes, they require low 
cost planes with the flight economy of turboprop planes. 
Consequently, the targets of the 1993 technology inves- 
tigation were the following items with consideration of 
low cost planes. 


(1) Preparation of the technology database necessary in 
order for market investigation and partner investi- 
gation. | 


(2) Establishment of fuselage specifications and submis- 
sion of a study of mass production costs and devel- 
opment costs. 


In order to achieve with good efficiency these operation 
objectives, the five Japanese fuselage manufacturers 
cooperated and started a business team for the tech- 
nology investigation “YSX Technology Examination 
Team (YSET)” in mainly the Japan Aircraft Develop- 
ment Society. 


YSET examined the low cost fuselage concept and, for 
item (2) along with the data of item (1), prepared work 
statements for each production division and specifica- 
tions for all the equipment in order to clarify fuselage 
specifications in detail. For the equipment, they attained 
technology data and cost data with the cooperation of 
foreign and domestic vendors and reflected this in the 
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1. Fuselage specifications (YSX-5B-1) 


Reflecting the 1992 examination results, the aerody- 
namic form was refined based on the wing mount model 
fuselage form, an examination of flight characteristics 
was made, and the form of the helm was established. 
Also an examination of the low cost structural concept 
and the system concept was made and the 1993 Fuselage 
Specifications YSX-5B-1 collecting those results was 
made (See Figure 1). 


(1) Principal changes to the fuselage 


The characteristic of the fuselage form this year was 
changed from a tail mount form with the engine loaded 
on the fuselage rear to a wing mount form with the 
engine loaded on the main wing. The main reasons for 
the change are the following two items. 


¢ The wing mount form has a light fuselage weight 
e The wing mount form has less shift of center of 
gravity due to payload and fuel weight 


However, if the wing mount form is used, loading and 
unloading of cargo becomes difficult because it easily 
interferes with the engine nacel and the height from the 
ground becomes high; however, in the YSX, the prospect 
for realization was attained by changing the cargo hatch 
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Figure 1. Three sides of the YSX-SB-1 
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(2) Structural concept 


Together with the specialists of the fuselage companies, 
the 1992 preliminary design results were closely exam- 
ined based on the baseline form, other fuselage examples 
were investigated, and the examination of the low cost 
structural concept was made (See Figures 2 and 3). 


Those results were collected and a work statement 
including the entire fuselage structure was made as 
material for assessment. 


The following are measures to realize a low cost. 


e Maximum usage of symmetrical parts, similar parts, 
and especially identical parts 
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e Maximum utilization of standard parts, existing 
products, and regulation products 
. SRD CRRIEEE GF CE CARED ERS GS nD 


processing 

- Minimization of special processes such as adhesion 
and chemical keeling processing 

e Simplification of assembly and joining 

e Consideration of operability and contiguity 

e Minimization of new processing methods (but cheap- 
ening Ones are welcome) 

¢ Minimization of special j jigs, machine tools 

¢ Maximum usage of existing installations including 
automatic riveters to minimize new installations 


(3) System concept 

With the cooperation of the specialists from the fuselage 
companies, the basic system configuration for equip- 
ment systems was established based on the baseline 
form; detailed system specifications and RFP (proposed 
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Figure 2. Main wing structural drawing 
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Figure 3. Fuselage structural drawing 
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Figure 4. Side view of equipment arrangement for the entire craft 





requirements) were prepared. Proposals for equipment 
were attained from all the 100 vendors, in Japan and 
abroad, for RFP. Also, an examination of the method of 
assembly and installation to the fuselage and the internal 
parts of the equipment was performed and a work 
statement and total aircraft equipment arrangement 
diagram were prepared (see Figure 4). 


The lowest cost possible was contrived with the image of 
an airplane with a jet engine substituted for the engine of 
a turboprop plane and the following considerations for 
cost reduction. 


e System simplification (operating system, landing 
system, engine control, ECS, waterproofing, EFIS) 
e Usage of existing parts (APU, ECS, sheet, AVIO) 















































Figure 5. Interior arrangement diagram 
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e Common parts (main landing gear) 

e Simplification of standard specifications (AVIO, 
indoor equipment) 

e Usage of low cost equipment (flaps, brakes, bath- 
rooms, power source) 

For the comfort of the cabin, along with making the same 

type of cabin arrangement as with the tail mount form, 

exits are installed in two locations fore and aft, an interior 

housed air-stair is installed in the rear exit, and storage for 

hand luggage was located near the exits in consideration of 

the convenience of the passengers (see Figure 5). 


The cockpit is a 5 tube glass cockpit (see Figure 6). 


(4) Fuselage capacity 

The capacities of the YSX-5B-1 have been made to satisfy 
the design requirements established as a result of sounding 
the representative regional airlines concerning the fuselage 
capacities as part of the market survey (see Figure 7). 









































Figure 7. Principal capacities 









































Destge reqetremest: YSX5B-1 concept design resaits 
Basic type Long-range type 

Designed cruising range Basic type 1000 nm 1000 nm 

Long-range type 1300 nm 1300 nm 
Maximum cruising speed 0.76 M 0.76 M 0.76 M 
Approach speed (MLW) 130 or more 125 kt 127 kt 
Takeoff speed (BFL) (ISA, dry, SL, MTOW) 1500m or more 1480m 1570m 
Landing distance (ISA, dry, SL, MLW) 1500m or more 1320m 1340m 
Engine single stop ceiling 13000 ft or less 13520 ft 12320 ft 
To explain the design requirements (market requirements): (5) Flight characteristics 


e The designed 1000 nm cruising range for regional 
airlines with the hub and spoke system mostly oper- 
ating in a range 500 nm or less is enough for a round 
trip from the hub airport without refueling and a 1300 
nm range capability is desirable because of the flexi- 
bility of point to point operation in the new market of 
regional airlines. 

e The maximum cruising speed is preferably below DOC 
at 0.76 M from high speed capacity for regional airlines. 
For the future expansion of range, it will be over 0.76 M 
to make possible collection and delivery within a fixed 
time and for the convenience of traffic control. 

e The approach speed does not need to be less than the 
B737 class airplane for traffic control. 

e The takeoff and landing distance is over 1800 m 
(6000 ft) in most airports in the United States which 
is the largest market, but is made 1500 m in consid- 
eration of the circumstances in Japan and Asia. 

e The engine single stop ceiling is 13000 ft, satisfying 
even West Air which operates over the Rocky Moun- 
tains. Requirements of over 16000 ft are judged to be 
options defrayed by the beneficiary. 


Flight characteristics to increase the possibility of 
manual operation were examined as part of the basic 
aerodynamic operations which were the main point of 
cost reduction. 


Tab control is used in the elevator for vertical flight 
characteristics, tab control is used in the aileron for 
horizontal flight characteristics, and furthermore, a 
manual control system is established with the elevator 
and the aileron by using the spoiler for roll control as 
well and an outlook for satisfying the regulations is 
attained. For directional flight characteristics as well, the 
proposed manual steering was examined, but the rudder 
steering capacity was lacking and it was decided to use 
the powered operating system. 


(6) Engine 


An examination was made for the three types of newly 
developed engines and the two types of small engine 
gross up models as the candidate engines; the lower limit 
of these newly developed engines is the family with 100 
or more seats; with thrust 15,000 Ib or more and weight 
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and cost both high, these engines are too much for the 
YSX-75. The gross up engine is one with a gross thrust of 
12,000 Ib class having the existing 7000 to 9000 Ib class 
engine adapted to the YSX-75; it is characterized by 
having a low DOC which is a selling point of the YSX and 
being comparatively small, lightweight, and low cost. How- 
ever, in consideration of the environment for noise and 
emissions, Stage III] and ICAO current requirements are 
satisfied, but it must be examined whether the margin is 
sufficient for considering operation in the 21st century. 


Evaluation of competitive strength 

The items evaluated for competitive strength were estab- 
lished as follows based on the requirements and specifi- 
cations of regional airlines. 
Operating economy (DOC, block fuel) 

Cabin comfort (Comfortability) 

Cargo capacity 


Capacities (maximum cruising speed, range, max- 
imum operating altitude, takeoff distance BFL) 


A comparison with the Fokker F70 jet plane and the 

ATR72 turboprop plane as representative competing 

craft is shown (see Figure 8). 

For the comfortability of the passenger cabin, the com- 

parison was made with the cabin cross sectional area 

with the ATR72 4 row seating revised into 5 rows since 

it is difficult to compare the 4 row and 5 row seat 

arrangement directly. 

The F-70 has the shortened fuselage of the 100 seat class 

F-100 and it is a plane with rather big wing and engine 

and high weight as well. 

¢ DOC is rather inferior to YSX since the engine is old 
and fuel consumption is bad. 


¢ Concerning cabin seating, the seat width and aisle 
width are narrower than in the YSX. 

e Capacities are superior to the YSX for takeoff and 
landing capacities but the other capacities are about 


the same. 
As a current plane, the ATR72 is the highest 


class plane in the United States and Europe. 


e DOC has a 300 nm range which is equal to the YSX, 
but the YSX is superior for ranges over that. 

e ATR72 has 4 row seating, the fuselage diameter is less 
than the YSX, and comfort and cargo volume are inferior. 

e For capacities, it is a turboprop plane and has supe- 
rior speed and climbing capacities while takeoff and 
landing capacities and fuel consumption are superior. 


Conactesion 


Mostly the 1993 technical operations performed before now 
were introduced, but the main theme of this program is it 


independence. 


though there are several airplane manufacturers intending 
to go into the regional markets with jet planes having more 
seats than before, this does not amount to an agreement of 
opinion. Also a definite outlook was not attained for mar- 
ketability and a study concerning low end planes of major 
airlines, which are a class above, is progressing. A study of 
future marketability and business profitability for which- 
ever is used is advancing further and a judgement will be 
made from those results. 


Finally, Se Sees SS we have 
the good faith of each of the foreign and domestic 
vendors and are sateful for that. 
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[Article by Takeo Iwaki, Director, Technology Depart- 
ee OC paeey Sempee Sones, Se, 


[FBIS Translated Text] 


Foreword 
For the 1994 budget plan, the 


strengthening 
term plan “High speed plane research program (HSRP)” 
double the previous year’s. 


promotion of the “European Superso 
Research Program (ESRP)” of — 1994 and 
announced the integrated strengthening of activities to 
realize SST in Europe. 


re, Bee, Wee eek eng So nae 


will also be strengthened from 1995. Furthermore, there 
ment activities for SST realization are being activated, 
for example, the strengthening of SST-related research in 
the airplane-related long term research plan of the Sci- 
ence and Technology Agency (STA). 


These activities are summarized and the issues to be 
handled by Japan are introduced here based on the 
results of the “Supersonic transport plane development 
study.” 

I. NASA High Speed Plane Research Pian (HSRP) 
expansion of employment opportunities due to the resolu- 
tion of the massive trade deficit and the activation of the 
domestic economy again an important policy issue, the 
maintenance of the excellent capability of the airplane 
industry which contributed greatly to the control of the 
US. trade deficit ($84.3 billion) and realized a $31.3 
billion excess of exports over imports (1992) and further 
development of the conquest of the sluggish military 
demand following the end of the Cold War are positioned 
as main issues of industrial policy because repercussions 
and results of the technical leadership promoting the 
raising of another industry can be expected. 


NASA Aviation technology policy’ 
An exclusive aviation oversight vice-directorship was 
suuly eahtiinad tp cunathen @o tendiinn of euautien 
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Figure 1. Proposed HSRP craft 














technology development in NASA and with the long 
term plan looking toward the 21st century, the aviation- 
related research and development capital 
which was $500 to 600 million in the 91-92 fiscal year 
was increased to $870 million in the 93 fiscal year and 
$1.1 billion in the 1994 fiscal year; it was decided to 
prepare the technical basis necessary for strengthening 
the domestic airplane industry over the next several 
years. , 

The focus of the budget increase is mainly on supersonic 
transport craft (called the HSCT-High Speed Civil 
Transport in the United States); research capital for the 
developed subsonic airplane technology from 1994 is 
seven times that of before and the preparation of major 


patible with atmospheric environment are given as 
important measures. 

The execution of these testing and research programs is 
characterized by measures different from those previous 
in terms of allied businesses being set at the central axis 
of performance from the perspective that research effi- 


Full scale “High speed aircraft research program” 


being attained to Congress in October 1993. 
At the same time, NASA proposed the long term plan to 
ae aan & oie ee oe ee 
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Science and Technology Council, which includes Vice- _the board, adding $10 million to the NASA plan in the 
President Gore as a member, demonstrated the national 1994 budget and indicating the acceleration of the 
expectations by acknowledging the NASA proposal across § program. 


















































Table 1. NASA HSRP Budget Pian 

Yea Sect 92 93 te 95 ee 97 oe Ne Teta 

92 * 
Annual budget ($M) 69 76 117 187 2% 251 Be ee 398 1,911 
Phase | annual budget 69 76 92 91 73 12 412 
Influence of engine exhaust 18 12 12 il it of 
on atmosphere 
Engine combustor and noise 33 »” »” 26 24 142 
reduction methods 
Airport noise and sonic boom 18 18 18 15 14 81 
influence 
New engine materials 17 32 ow 24 12 125 
Phase I] annual budget 25 96 164 239 184 Lae 398 1,499 
New engine materials b * 24 37 47 a4 “a 199 
Critical engine elements + 19 35 71 ba) 96 125 452 
Aircraft structural materials il 28 45 $9 63 70 it! 386 
and structural form 
Aerodynamics (aircraft form) 16 26 31 35 32 46 187 
Flight deck system * 14 19 25 29 117 
Technology integration and 6 & 10 x 13 23 68 
influence on the environment 
Environmental impact obser- il 12 12 13 14 29 90 
vation planes and sensors 



































According to the NASA plan, a total of $4.5 billion is Aaseating to Gp Weathers’ coeutians ty ABD, Bee 
necessary in order to achieve the objective of HSRP img, Douglas, GE, and P&W, the start scale 
Phase Il; of that NASA is responsible for $1.5 billion and  9¢velopment of airplane and engine (program launch) 


it is presupposed that private business will make an —_ development for another three years beyond the original 
appropriate contribution. schedule is necessary. (Figure 2) 
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Concerning the technical issued to be handied in HSRP 
Phase II, NASA RC and Lockheed presented the 
examination which indicated a reduction of the 


maximum takeoff weight of the airplane at the AIAA 
Aerospace Design Conference in February 1993. 
According to this, the maximum takeoff weight of the 
airplane which can be realized in 2005 becomes 667,800 
with a possible 45% weight reduction for the airplane 


weight 1,214,000 Ibs assuming 1990 shipping and in the 
































As a result of evaluating the revolutionary technology to 
ae oS Oe oe & See SS 


Research and development for the HSRP engines is 
being promoted mainly at NASA Lewis RC by a consor- 
tium in which GE and P&W are participating. Mean- 
while, in the HSRP Phase II in which overall handling is 
required for the technical issues of the entire airplane 
system, although the program generalization is at NASA 
Langley RC, its promotion is with a team of mainly 
Boeing and Douglas and it was decided that Boeing in 
particular would lead this. This July, a long term 
research promotion agreement for a total of $440 million 
(¥ 44 billion) was concluded by NASA and Boeing; the 
system for its execution is being settled. 
Recently, NASA concluded a research agreement 
repair of the first generation Russian super- 
sonic transport plane Tuporef TU-144 and flight testing 
using this to acquire design data following supersonic 
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flight. Thus, this is expected to cut through the European 
dominance in building up practical supersonic tech- 
a See Eee 


Also, as a recen: movement, much attention is being 
paid to the possibility of HSRP results flowing to Europe 
and Japan by international joint studies or exchanges of 
international academic societies and businesses; the con- 
dition of the research results of NASA, standing at the 
position of worid’s technology leader, being 
widely asked for by the world appears to be a major 


Il. European Supersonic Research Pian (ESRP) 


Britain and France, which won World War II, took on 
the role of world leaders in the field of aviation in the 
complex political environment in Europe under the Cold 
War structure. The Concorde is the jewel of their prod- 
ucts and its completion was blessed as the symbolic 
manifestation of European economic integration for 
which opportunities were mounting at that time. The 
latest trend revolving around the success of Airbus, with 
the addition of Germany having newly recovered its 
economic power, and cooperation among the European 
countries in the aviation field can be said to be historic 
outcomes. 


Three from France and 
Britain, Germany 
Three major European manufacturers, British 


MOU to start the “ 
gram (ESRP) in April of this year; this makes public the 
resolution and expression that the three European com- 
panies are making united efforts and taking on an 
important role in the development and production of the 
next term SSTK.”° 


According to the announce:nent, because of the recogni- 
tion that the program being realized economically is 
limited to one type of aircraft in the world, it is currently 
continuing in cooperation with the activities of the 
“International Joint Study ” (SSG-Supersonic 
Study Group) in which mainly the American and Euro- 
pean airplane manufacturers, and Japan, Russia, and 
Italy are participating. 

The specifications for the baseline airplane in the case of 
advancing ESRP are cruisi Se ae 
capacity 250, and range 10,000 km (5,400 nm); the 
European union (Rolls-Royce, SNECMA, MTU, Fiat) 
for the engine as well is working in close cooperation. 


Execution conditions in Europe*® 

According to the articles about HSRP in global industrial 
publications, the concept is a broad research and devel- 
opment program for the technology for integrating the 
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aerodynamics, materials-structure, equipment systems, 
and engine, the scale is five years and $500 to $600 
million (¥ 50 to ¥ 60 billion), and they want to start it 
this year on a scale of $100 million (¥ 10 billion). 


This type of activity competes with the United States 
major development of the NASA HSRP program from 
the 1994 fiscal year; the leadership for next term SST 
development is being taken from U.S. manufacturers, 
who are standing idle despite the development and 
production of the Concorde by Britain and France and 
its superior operating record, and in the background is 
the critical sense of anticipating having to be resigned to 
subcontracting. Therefore, it is reported that the three 
companies aim to request national financial support at 
the same level as the United States from their respective 
governments and the European Community (EC) in 
order to promote the HSRP program. 

At this point, things have not gone as far as the three 
governments and the EC furnishing financial support for 
this program, but it is expected that the integration of the 
research and development strengths will advance in a 
form suitable for the intentions of the industry in order 
for the national aviation research organizations of each 
country, Britain's DRA, France’s ONERA, and Ger- 
many’s DLR, to achieve the common research goals. In 


that case, the overall strength of Europe in the field of 
aviation shown in the results of the Concorde, the 
experience of Airbus, and other military programs can be 
said to be at the level compared favorably with the 
United States because of already having acquired the 
world’s leading facilities such as the German and Dutch 
joint large wind tunnel (DNW) and the British, French, 
German, and Dutch joint European subsonic wind 
tunnel (ETW). 


Ill. Japan’s position, “Supersonic Transport Plane 
Development Survey” 


Global aviation demand is expected to expand greatly into 
the 21st century; this is supported by the foreseen speed of 
economic development in particular and by the demand 
for the international long distance lines around Asia and 
the Pacific Rim countries expanding greatly. The next 
term SST making possible high speed international long 
distance transport is important as the basic infrastructure 
for the healthy development of the global economy and it 
is clear that Japan, as the center of the economic base in 
the Asian region, is receiving its benefits. It is required that 
Japan contribute appropriately to the promotion of the 
development of high technology for its realization and the 
massive development operations. 





Table 2. Progress and principal epochs of “Supersonic Plane Development Survey” 



































Year, 1989 1998 1991 1992 1993 
Plan International cor. *European Sym- °SCT visiting 5 *AIAA Baltimore | *NASA AESA *NASA AESA 
respondence posium (4 com- companies, ** (3rd edition), (1st edition), (1st edition), 
(main ment) 28th Airplane *ICAO CAPE/2 *AIAA Hilton *AIAA 
participating soci- Symposium (5 Montreal Head (4th edi- (4th edition), 
eties) (* foreign, European and tion), **Airplane SAE iPAC (ist 
** Japanese) American manu- Shinho, **ISA °92 | edition) 
facturers), Nagoya (2 Euro- 
**Bakucho pean and Amer- 
posium (4 Euro- ican organiza- 
pean and Amer- tions) 
ican companies) 
Exchange results **JAI participation in 5 company SCT **Aviation Week | °**increased 
(8/27) article, exchange with 
co) Boeing 
member of AESA 
ADVISORY 
PANEL 
Market Demand forecast, | 2010 market, Adaptability of Baseline required Revised market Marketability of 
Program generei General evalua- cabin position ificats forecast (2015), low range plane 
evahuaon \Jon program, and airport infra- | Me-2.2, R-6000 Low sonic boom (4 to $000 nm), 
Required specifi- | M-2.0 to 3.0, structure, M-2.0 am, P= 300 plane evaluation to 
cations R.=-4500 to 7500 to 2.5, M=1.75 Narita and 
mm, P=200 to 300 | addition, R-4500 Kansai Airports 
(400) to 6500 am 
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Table 2. Progress and principal epochs of “Supersonic Plane Development Survey” (Continued) 
Year, 1969 1996 1991 1992 1993 
Technology || Basic airplane CAD develop- TDF, SBE, wind Lists and draw- CAD improve- Technical evalua- 
, ment resistance, M=2.0 | ings of three sides | ment (intake, tion of low range 
engine, structural to 3.0 appropriate | of the baseline nozzie resistance), | plane, environ- 
namics, equip- tion, serodynamic | sectional struc- thermal load, able plane, engine 
ment properties of ture, metal/com- baseline subsonic | specifications, 
other craft posite material wind test and tail | material specifi- 
weight compar- low speed wind cations, technical 
ison, wind resis- test, CFD (low characteristics of 
tance standards, S/I, nacel), overall | basic form, base- 
low sonic boom equipment line supersonic 
wind test (NALY 
CFD, artifici 
isibility 
Environmental Noise, sonic (Trend survey) Participation in Ascension noise, 
impact boom, ozone to FAA NPRM, ICAO CAPE/2, primary evalua- to CAEP, revolu- 
one di ; sonic boom simu- | tion and exami- tionary sonic 
model of ozone lation method, nation, aerosol boom research, 
layer two dimensional effects aerosol cut-in in 
tion in NASA model, exchange 
AESA with NASA 
AESA 
Survey progress’ through airplane list analysis in consideration of compe- 


With the results of the “Next generation airplane develop- 
ment activities survey” made by the Society of Japanese 
Aerospace Companies, Inc. in 1987 and 1988, MITI 


tition with subsonic planes in global long range air routes 
in 2010 according to the long term market forecast. 
In the second half of the three years including 1994, an 
evaluation of the environmental adaptability and its 
hnical ‘bilities is made wit! imi ind 
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Figure 5. Baseline plane and technology issues (SJAC) 





As a result, the maximum takeoff weight of the baseline 
airplane becomes 408 tons and the scale of the airplane 
becomes large compared to the European and American 
proposal. Consequently, because of the forecast of the 
immensity of the development risk and the increased 
development costs connected directly with the scale of the 
airplane, the requirements for the elemental technology 
such as aerodynamics, materials and structure, the engine, 
and the equipment systems go beyond those of Europe and 
the United States to reduce the maximum takeoff weight 
and a still higher level of challenge for revolutionary 
technical development becomes necessary. (Figure 5) 


The technical | for the “Revolutionary elementai 


technical 


This is also shown in the milestones (Figure 2) of the 
NASA HSRP team, and a large number of the world’s 
related persons ize that the full- scale develop- 
ment period of the next term SST is at the end of 2001. 
There is little time remaining to prepare the necessary 
technical power in the case of Japan, having little devel- 
opment experience and operation results in the field of 
supersonic airplanes compared to the United States and 
Europe, taking on an appropriate contribution and 
responsibility in the international joint development/ 
production of this airplane. 


Figure 6 shows the image of Japan’s technical position in 
the future based on the technical development plan 
output with the “Technical survey” of 1993. According 
to this, with the feasibility study through 1994, it is 
shown that the “Revolutionary elemental technology 
development” which expands Japan’s characteristic 
technology should be started from 1995. Because the 
technical position through 2001 becomes a rather 
narrow plan, while its concrete proposal is fixed in 1994, 
it is decided to narrow it further. 


In usual development phasing, this time period is the 
“Concept study phase” and the operations research 
(system integration) to advance a more searching exam- 
ination of the airplane specifications concentrating new 
elemental technology is necessary in order to efficiently 
development the overall program to reflect the airline 
requirements and the adjustment of goals and evaluation 
of the elemental research results. The following are 
points to be considered in the draft of Japan’s technical 
position in the following fields. 


Operation research (system integration): A global per- 
spective is required in operations research for the next 
term SST to contribute greatly to the high level of the 
21st century international aviation transport systems. In 
particular, international cooperation by manufacturers, 
related organizations, airlines, and service control 
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Image of Japan’s future technical position 





bureaus based on the advance of new air control tech- 
nology, such as the influence on the ozone layer, the 
adaptability to the airport infrastructure, and the estab- 
lishment of air routes, is indispensable. It is important 
for Japan, representing the Asian region, to contribute 
to the promotion of the program through cooperation 
in these international movements such as a system 
proposal to optimize the revolutionary elemental 
technology. 


Aerodynamics: The aim is to contribute to the field of 
aerodynamics by expanding Japan’s CFD technology 
which is already at the global level as actual design 
technology and proposing the characteristics airplane 
form due to improvement of the lift drag ratio in 
supersonic flight and the development of high capacity 
high lift equipment. 

Materials and structure: Presupposing Japan’s research 
and development results concerning advanced materials, 
the results of international joint development and pro- 
duction in the 767-777 program are maintained due to 
the revolutionary technology development applied to the 
next term SST while raising the wind resistance and 
safety of high capacity heat resistant composite materials 
and due to the proposal of the vastly more lightweight 
structural concept, and if possible their expansion should 
be contrived. 


Engine: It is important that the achievement of high 
technology goals carried in the HYPR project while 
already giving actual results be connected to the allot- 
ment of its development and production due to being 
reflected in the next term SST engine. 


Equipment systems: It is highly possible that Japan’s 
superior electronics technology will be reflected in the 
21st century avionics system construction. It is desirable 
to contribute activity to the practical application of 
FBW/FBL to realize high production by supersonic flight 
due to increased reliability and efficiency. 


New movement in Japan 


The responses to “Promotion policies for long term 
research and development of aviation technology” 
(Inquiry #18) asking about the policies for Japan's avia- 
tion technology research and development aiming 
toward the 21st century were made public at the STA 
Aviation and Electronics Technology Council at the end 
of June of this year.'° 


The gist of the responses made clear the promotion 
policies for long term research and development of 
aviation technology which must be faced by Japan in the 
future while looking toward about 2010; the following 
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(Concept explanation material) was noted in the item of 
“High speed airplane technology for large scale interna- 
tional joint development” concerned with the next term 
SST. 


It is possible that international joint development of the 
next generation SST will be started at the beginning of 
the 21st century; at that time, Japan must have raised its 
level of technology so that participation becomes pos- 
sible from a favorable position. For future HST research 
and development, sound efforts due to the application of 
space development results are vital and in the future, 
priority research and development of mainly heat resis- 
tant structural materials technology, supersonic low 
boom form and variable cycle engine technology essen- 
tial for environmental adaptability, and high speed aero- 
dynamic technology which applies CFD which already is 
accumulating high technology will be performed with the 
nation as the center; those results are applied and until 
the start of international joint development for the next 
generation SST, it is necessary to target the demonstra- 
tion of the partial systems for high speed airplanes and to 
advance independent technology development including 
the possibility of performing small model flight testing. 
Also, the cooperation of research organizations is neces- 
sary for the effective application of the current technical 
foundation for individual development of technologies 
such as heat resistant structural materials technology 
requiring future expansion. 


In order to performed this research and development 
efficiently, the preparation of an engine high altitude 
capacity testing facility and a high Reynolds number 
wind tunnel which can reproduce the real flight environ- 
ment of SST on the ground is very effective for Japan’s 
independent accumulation of technology. Also, compre- 
hensive simulation facilities are very effective. 


Also, with the results of the “Highly integrated naviga- 
tion system survey” activities'' by JETRO last year, the 
“Avionics Research Society” of mainly Japan's equip- 
ment systems manufacturers from 1994 was started in 
the SJAC. The expectation is that the results of the 
activities for the “Survey to deepen Japan’s technical 
position and policies for the 21st century avionics tech- 
nology,” with observers from related governmental orga- 
nizations including airlines, will give balance to Japan’s 
contribution in the next term SST development. 


Otherwise, the Research and Development Institute of 
Metals and Composites for Future Industries (RIMCOF) 
decided to start the research survey “Intelligent struc- 
tural technology” which is a revolutionary concept to 
contrive the expanded application of advanced com- 
posite materials in the future. 


These new movements in Japan clearly have the imme- 
diately goal of the next term SST and this is the right 
time for them; in the future, the efficient coordination of 
the promotion of projects by each organization will 
become an important issue. 


IV. Future prospects (instead of a conclusion) 


Above, a review of the latest movement of the technical 
position to the next term SST of developed aviation 
countries of Europe and the United States splitting the 
world’s airplane supply and the current state of Japan’s 
related activities and future issues of the technical posi- 
tion were introduced. 


Despite its technical successes, the effect of the Con- 
corde on the world’s air transport is slight. On the other 
hand, the next term SST will have a revolutionary 
impact on 21st century international long distance trans- 
port systems and will have a major influence on the 
world’s economy and public welfare. 


In the “Social effects survey”'? made in 1993, in 2010 
when it is forecast that next term SST operation will be an 
everyday thing, the activating effect on Japan’s economy 
due to the induction effects of tourism and production 
industry and commercial activity being made efficient will 
become as much as ¥ 3.8 trillion, in other words 1% of 
GNP, it is calculated that the SST development costs will 
be recovered in one year, and equivalent effects are esti- 
mated for the global GNP as well. 


On the other hand, for the next term SST marketed to 
the international long distance routes, the establishment 
of a consensus for the effects on the ozone layer and the 
environmental impact of the sonic boom accompanying 
its operation is a global issue and does not characterize 
the acceptance of the narrow viewpoint of a single 
country’s industrial policy. By recognizing that its suc- 
cess or failure controls the life or death of the program, it 
is necessary to cooperate and make an international 
consensus; efforts for revolutionary technology develop- 
ment to prepare the environmental adaptability and 
economy so the next generation SST is welcomed by 21st 
century society should determine the time of its realiza- 
tion. In the future, the construction of a cooperative 
relationship with the United States and Europe as an 
international joint operation for the development of 
these revolutionary technologies in a form which will 
stimulate mutual characteristics and avoid redundant 
operations is the key to the success of this program. 
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[Article by Kanji Murashima, Executive Director, Engi- 
neering Research Association for Super/Hyper-Sonic 
Transport Propulsion System (HYPR)] 


[FBIS Translated Excerpts] 


1. Foreword 


Concerning the mach 2 to 2.5 class supersonic transport 
plane currently commissioned as the successor to the 
Concorde which is the mach 2 supersonic transport 
plane, research on both the fuselage and engine is pro- 
gressing in each country and the timing of the develop- 
ment of a practical craft with the target of commis- 
sioning it at the start of the 21st century is advancing by 
trial and error. 


This project (abbreviated as the HYPR project below) 
concerns the more advanced mach 5 class hypersonic 
transport plane and was started from 1989 in the big 
project system of MITI Agency of Industrial Science and 
Technology with the objective of establishing the tech- 
nology necessary for the propulsion system; it is being 
performe * on commission by the New Energy and 
Industrial Technology Development Organization 
(NEDO). Moreover, this big project system was re- 
systematized as the industrial science and technology 
research and development system from 1993. 


The pertinent research and development, currently, is in 
the second half of the sixth year, but the research of 
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foreign manufacturers is also full scale, following the 
success of the initial operation of the super high temper- 
ature gas generator in the fifth year; the ram combustion 
test in the UTC company started from October 1994 and 
the initial operation preparations for the trial produced 
turbo engine scheduled for the end of November 1994 
are being performed actively. 


2. Global trends 


(1) Overall 


The international preliminary study by eight countries 
including Japan started in 1990 with the objective of 
joint study and research of the next generation super- 
sonic transport plane was scheduled to shift to commit- 
ment-based joint study this year, but it was extended for 
another three years; at present the market and environ- 
ment studies are being continued as before. Currently, 
the movements in each country or each region are being 
noticed rather than the movements of international joint 
development over a broad area. [Passages omitted] 


3. Outline of the research plan 


In the HYPR project, the following research is being 
performed in order to establish the technology necessary 
for the development of a propulsion system having little 
influence on the environment from exhaust, low noise, 
re fuel consumption, with possible low speed to Mach 
5 flight. 


1. Ramjet R&D 

2. Turbojet R&D 

3. Measurement control R&D 

4. System R&D 

5. Super high temperature gas generator R&D 


For each item, trial system production and testing of the 
ramjet, turbojet, and combined cycle engine are sched- 
uled along with performing elemental research in a 10 
year plan (Table 1). 


In 1992, these results were concentrated, the national 
research organizations and seven companies from Japan 
and abroad participating in the project were mixed, the 
First International Symposium was held, and further- 
more an intermediate evaluation was performed. Also, 
the Second International Symposium is scheduled to be 
held in 1994 and the final comprehensive evaluation is 
scheduled for 1998. 


4. Research advance conditions 


(1) Ramjet R&D 
The research for the ramjet to be used in the wide range 
of supersonic flight from mach 2.5 to 5 is broadly 


classified into ram combustion R&D and ramjet system 
R&D. 
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Table 1. Outline of research plan 


O Research and Development Schedule 


Component and system R & D program hes been under way as 4: ten-year plan since FY 1968 
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1. Ram combustion R&D 


As the research for combustion control of the ram com- 
bustor, the concept of a block type combustor which 
integrates the V gutter type and main combustor type was 
examined and basic testing was performed in a broad 
operating range with the objectives of improvement of 
combustion efficiency, reduction of pressure loss, and 
improvement of ignition and flame stabilization. 


Figure 2 [not reproduced] shows the ram combustion 
test conditions. 

For low pollution ram combustion, various types of 
laboratory model combustors were analyzed using com- 
putational fluid dynamics (CFD) technology and an 
comparative examination with analysis of the experi- 
mental results was made. 

Also, for the cooling technology for high temperature 
ram combustors with combustor exit temperatures as 
high as 1,900°C, a combustor liner using carbon fiber 
reinforced ceramics was designed and produced and 
material evaluation testing was performed and the 
cooling structure basic testing was performed for the 
flame stabilizer. 


2. Ramjet system R&D 


For the ramjet system, the plan is to perform the free jet 
test by a model which can undergo the direct connect test 


which can be tested in a dimensional form close to the 
real operating state in the state with combined com- 
bustor and nozzle and an overall test which is small but 
includes the intake. 


For the direct connect test, the tested combustor is 

i and produced and the test is performed using 
the facilities of UTC which is one of the participating 
foreign companies. From October of this year, adjust- 


bustor direct test sample. 


The free jet test uses the ramjet testing facilities at the 
Science and Ti 


be performed from 1995 under conditions with flight 
mach number 3 to 5; the planning and design of the test 
equipment and the sample will be performed this year. 


(2) Turbojet R&D 
While advancing the level of R&D for the structural 
elements of the turbojet engine such as the fan, 
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Figure 3. Ram combustor direct connect sample (joint test with UTC) 
1. Fan R&D capacity was evaluated and examined to realize an axial 


As leading elemental research and development of a high 
capacity fan with high efficiency and high flow rate, the 
rotary wing row test of the test fan having sweepback angle 
is performed, the rotary wing row test of the improved fan 
which reflected basic aerodynamic data advanced, and 
detailed data of the wing row was acquired. 

Also, for high capacity fan trial element R&D, the wing 
row test with a continuous wind tunnel and the first stage 
fan sample test were performed, shock wave pattern mea- 
surement for the moving wing tip section was performed, 
and wing row design data was gathered with little loss. 
Furthermore, trial production testing and strength testing 
of the two stage fan (Figure 4) with the target being 
pressure ratio 2.6 are being performed and tests for high 
load-high efficiency and stable operation under broad 
range operating conditions are being performed. 


2. Compressor R&D 


As leading elemental research, aerodynamic capacity 
testing was performed for the trial production of wing 
rows by CFD design technology and the wing row 


flow compressor for high speed, high load, and high 
efficiency at low levels. 


In the elemental research for trial production, capacity 
testing of the two stage trial compressor was performed; 
since the basic capacity data for the flow rate and 
pressure ratio was attained, the five stage compressor 
with a command of three dimensional wing row design 
technology was trial produced with the target being a 
pressure ratio 4.85 and | to 2% improvement of effi- 
ciency, the rig test was performed, the data necessary for 
trial engine design was attained, and the aerodynamic 
properties and wing oscillation analysis results were 
confirmed. These research results are reflected in the 
high pressure compressors in the super high temperature 
gas generator (Figure 15 [not reproduced]) and the 
turbojet engine (Figure 16) discussed below. 


Figure 5 shows the five stage compressor test sample. 


3. Combustor R&D 


As the leading elemental research for a low pollution 
combustor with the goals being stable operation under a 
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Figure 5. Five stage high pressure compressor sample 
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broad range of conditions up to mach 3 and NOx exhaust 
reduced to one tenth the level of current technology, the 
goals were achieved in elemental combustion testing for 
methane fuel as well, continuing from basic combustion 
tests using petroleum fuel. 


In order to make a high temperature combustor with the 
target being combustor exit temperature 1,700°C, 
research for future convective cooling or cooling struc- 
tures supposing the application of ceramics and heat 
resistant composite materials is advancing. For research 
of the optimum temperature distribution of the com- 
bustor exit, combustion testing by sector modeling was 
performed, data was attained, and low pressure annula 
model testing was performed. Furthermore, high pres- 
sure sector model testing was performed and the 
required combustion efficiency and temperature distri- 
bution was achieved. 


Figure 6 shows the turbo combustor. 


4. High pressure turbine R&D 


As trial elemental research, data attained from per- 
forming the aerodynamic capacity wing row test, aero- 
dynamic rotary test, and the cooling capacity test of the 
high temperature-high capacity turbine for the trial 
engine were reflected in the design of the trial engine. 
Furthermore, in order to make it high temperature with 
turbine entry temperature at the 1,700°C level, the 
cooling capacity improvement test including the wing 
row with improved cooling structures was performed 
and the estimate for the cooling structures of the turbine 
static wing. 


Using these results, strength analysis, oscillation anal- 
ysis, and heat conduction analysis were performed for 
each part of the high pressure turbine. 





Figure 6. Turbo combustor 





As leading elemental research, the annular wing row 
capacity test and cooling wing row test of the stationary 
wings necessary for the high capacity turbine to with- 
stand higher temperatures were performed and basic 
data was attained. 


Figure 7 shows the high pressure turbine rotor. 


5. Low pressure turbine R&D 


Since cooling is necessary when the entry temperature 
reaches the 1,300°C level in the low pressure turbine 
when the entire engine reaches high temperatures, low 
pressure turbine heat conduction test and cooling 
Capacity test were performed using the real craft rotors as 
trial elemental research. Also, the aerodynamic rotary 
test was performed in order to make it high efficiency. 


Furthermore, since variable stationary wings are neces- 
sary in order for the exhibition of high capacities'in the 
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broad range of conditions up to mach 3 and NOx exhaust 
reduced to one tenth the level of current technology, the 
goals were achieved in elemental combustion testing for 
methane fuel as well, continuing from basic combustion 
tests using petroleum fuel. 


In order to make a high temperature combustor with the 
target being combustor exit temperature 1,700°C, 
research for future convective cooling or cooling struc- 
tures supposing the application of ceramics and heat 
resistant composite materials is advancing. For research 
of the optimum temperature distribution of the com- 
bustor exit, combustion testing by sector modeling was 
performed, data was attained, and low pressure annula 
model testing was performed. Furthermore, high pres- 
sure sector model testing was performed and the 
required combustion efficiency and temperature distri- 
bution was achieved. 


Figure 6 shows the turbo combustor. 


4. High pressure turbine R&D 


As trial elemental research, data attained from per- 
forming the aerodynamic capacity wing row test, aero- 
dynamic rotary test, and the cooling capacity test of the 
high temperature-high capacity turbine for the trial 
engine were reflected in the design of the trial engine. 
Furthermore, in order to make it high temperature with 
turbine entry temperature at the 1,700°C level, the 
cooling capacity improvement test including the wing 
row with improved cooling structures was performed 
and the estimate for the cooling structures of the turbine 
static wing. 


Using these results, strength analysis, oscillation anal- 
ysis, and heat conduction analysis were performed for 
each part of the high pressure turbine. 





Figure 6. Turbo combustor 





As leading elemental research, the annular wing row 
Capacity test and cooling wing row test of the stationary 
wings necessary for the high capacity turbine to with- 
stand higher temperatures were performed and basic 
data was attained. 


Figure 7 shows the high pressure turbine rotor. 


5. Low pressure turbine R&D 


Since cooling is necessary when the entry temperature 
reaches the 1,300°C level in the low pressure turbine 
when the entire engine reaches high temperatures, low 
pressure turbine heat conduction test and cooling 
Capacity test were performed using the real craft rotors as 
trial elemental research. Also, the aerodynamic rotary 
test was performed in order to make it high efficiency. 


Furthermore, since variable stationary wings are neces- 
sary in order for the exhibition of high capacities in the 
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testing at RR will be performed in 1997 high 
altitude capacity testing (ATF test) at GE in 1996 
(Figure 16). 

(3) Measurement control R&D 

Research is progressing for the electronic control system 
for optimum control of an engine used in a high range 
operating zone, with altitude to 90,000 feet and airplane 
speed to mach 5 from being stationary on the ground, 
and electronic optical measurement system to measure 
the state of the high temperature engine at the ram 
combustion temperature 1,900°C level. 


1. Electronic control system 

Multivariable control technology to compensate for the 
mutual interference among the variable elements opti- 
mally is necessary for optimum control of the several 
variable elements of the engine. Research for the smail, 
lightweight electronic control system (FADEC: Full 
Authority Digital Electronic Control) using a high speed 
microprocessor for high precision and highly reliabie 
processing of this complex control calculation is 
advancing. 


For software, the engine simulator and engine control 
logic was improved to reflect the results of previous 
research and the testing for steady control properties and 
adjustable-speed control properties was performed. 

For FADEC, the specifications of the environmental 
resistance model for future trial production are being 
made clear from the results of the model test (Figure 9 
{not reproduced]) for function and capacity confirma- 
tion and design and study for oscillation analysis and 
thermal analysis to increase electronic cooling are 
advancing. In the future, these design methods will be 
established and proven through environmental testing. 


2. Electronic optical measurement system 


For the measurement technology at high temperatures, 
high pressures, and high speeds to measure and control 
the engine at a high degree, research is advancing for 
optical turbine blade temperature sensor, optical rota- 
tion frequency/position sensor, high temperature gas 
temperature optical sensor, and high temperature gas 
component concentration optical sensor, as well as 
optical data transmission, which use optical sensors, 
superior in terms of resistance to magnetic interference, 
information transmission volume and reduced weight. 


The optical turbine blade temperature sensor 

The problems such as the cooling mechanism and the 
prevention of soiling of the light receiving surface are 
resolved and the capacity confirmation test in the engine 
is being prepared. 

(4) Total system R&D 

1. Fluid software R&D 

Research for the application of fluid software is 
advancing in order for the application of the revolu- 
tionary aerodynamic design methods to engine elements. 


It was found that stage analysis is effective as a result of 
application and evaluation of the stage analysis software 
in the gap between the casing and the wing tip having the 
fan, compressor, and turbine closer to the form as in a 
real airplane and of comparison and verification with 
test results. 

Figure 10 (not reproduced] shows an example of CFD 
analysis. 


2. Intake R&D 


For the horizontal ramp type and the vertical ramp type 
with the inclined wall (ramp) positioned horizontally or 
vertically to change the form and sectional area of the 
intake interior parallel to the flow, research is advancing 
with the combination of the turbo zone (mach 0 to 3) and 
the ram zone (mach 2.5 to 5). 


For the turbo zone, the total pressure recovery rate of the 
intake reached the target value with the optimization of 
bleed air flow and bleed air location of boundary layer 
control. For the ram zone, the supersonic compressed 
flow path form and bleed air are being examined. 


Also, research of the general concept for a combined 
intake which can be used in the broad range across the 
turbo zone and ram zone was started; the startup prop- 
erties, stability, shock wave control, and variable mech- 
anisms are being examined. 


Figure 11 [not reproduced] shows the intake wind tunnel 
test model. 


3. Nozzle R&D 


For the turbo zone variable nozzle, the aerodynamic test 
was performed; quantitative understanding of the influ- 
ence due to the turning of the nozzle entry flow is being 

aod: dose ond tention inchadion the variehl 
mechanism of the noise reduction device are being 
performed. 


For the combined nozzle, a cooling capacity test is 
performed with a forced convection cooling structure 
model able to withstand high temperature gas at the 
1,900°C level, capacity data is acquired, and it is con- 
firmed that the cooling capacity estimation method can 
be applied. Also, a method to attain the nozzle surface 
local heat conductivity distribution using CFD analysis 
results is being examined. 

Figure 12 [not reproduced] shows the two dimensional 
variable nozzle. 


4. Low noise RAD 


The generation mechanism for the exhaust jet noise and 
fan noise which is the principal noise from the engine is 
being elucidated and research for noise reduction tech- 
nology to satisfy ICAO noise regulation values is 
advancing. 
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For jet noise, a parametric study is being performed for 
the mixer ejector and a study to optimize duct length/ 
lobe angle is being performed. 

Also, design and production of the ejector in consider- 
ation of flight effects and the aerodynamic sound test are 
being performed and it is confirmed that the target noise 
reduction is attained. 

Figure 13 [not reproduced] shows the noise test sample. 


For fan noise, the concept design of sound absorbing 
panels installed in the intake and fan case was performed 
with research for noise control methods and muffling 
mechanisms based on analysis of the factors causing the 
noise and noise test results. 


© Gagne cn8 cow mentee egy nian eahaagy 


ee 
high conditions of turbine intake tempera- 
ture 1,700°C and ram combustor exit temperature 
1,900°C, research concerning the application of new 
materials with superior heat resistant and oxidation 
resistant properties, thermal insulation coatings, and 
cooling technology to support those is advancing. 
Figure 14 [not reproduced] shows the cross sectional 
organization of the thermal insulation coating. 

Aiming for the application of oxide distributed strength- 
ened alloys (ODS alloys) to high pressure turbine sta- 
tionary wings, the MA754 welding test, HIP diffusion 
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bonding test, and the high temperature fatigue test were 
performed, an evaluation was made, and the bonding 
technology was established. 


Also evaluation and testing were performed for ceramic 
composite materials and advanced metal materials 
(UDIMET 720, RENE 95). For the advanced monoc- 
rystal precision cast material (CMSX-4) and powder 
metallurgical material (AF115) respectively, the hollow 
prepared, data on the material properties were attained, 
and an estimate which can establish the conditions for 
real craft parts structure was attained. 


6. Combined cycle engine R&D 


At the start of this project, flight missions were imagined 
for the combined cycle engine and an examination was 
made of the optimum candidate engine types. In other 
words, the turbo engine and ram engine were broadly 
classified as coaxial and over-under, and another twelve 
types were made including the prospective forms of the 
ram combustor, intake, and nozzle; analyses and exam- 
inations were made for various items including capacity, 
structure, cooling, weight, dimensions, and 

issues and the respective characteristics were compared. 


As a result, the coaxial-tandem type was selected and it 
was decided to design a test engine (tandem type: ram 
combustor at the after burner position). 
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Figure 17. C 


ombined cycle engine (eumauter graphics) 








The results of elemental research up to the present are 
being woven together and the design is advancing toward 
the 1997 operation test. 


Figure 17 shows the combined cycle engine (computer 
graphics). 


5. Participation of foreign manufacturers 


(1) Joint research system 


In the private sector, in February 1990, the Supersonic 
Airplane Propulsion System Technology Research Society 
(HYPR) was established with three Japanese companies as 
members, Ishikawajima-Harima Heavy Industries, 
Kawasaki Heavy Industries, and Mitsubishi Heavy Indus- 
tries. Furthermore, in the big project system, for the first 
time, four of the world’s major manufacturers from 
abroad, United Technologies Company (UTC, United 
States), General Electric (GE, United States), Rolls-Royce 
(RR, Great Britain), and SNECMA (France), concluded a 
research and development agreement with the New Energy 
and Industrial Technology Development Organization 
(NEDO) in February 1991. 


Figure 18 shows the system for projects including foreign 
manufacturers. Research in the private sector is commis- 
sioned through NEDO. 


When foreign businesses participate, there are frequent 
adjustments for the handling of intellectual property 
rights which is different in each country; agreements like 


7” «6 


“Handling industrial rights,” “Information exchange,” 
and “Ensuring secrets” were concluded by the research 
society and the seven foreign and domestic trustee 
companies in order to clarify the handling of the know- 
how of each company during information exchange. 


When research is performed, it is necessary to have close 
communication between the three Japanese companies 
forming HYPR and the foreign companies; the Coordi- 
nating Committee consisting of the eight trustees including 
the research society and the Technical Subcommittee for 
cooperation in technology issues were established in order 
to promote the project and to have a smooth cooperation 
system among the trustees (Figure 18). 


Meetings of the Coordinating Committee started in May 
1991 and have run through the present time; the Coordi- 
nating Committee met seven times and the Technical 
Subcommittee met nine times; program managers and 
specialists of the trustees attend and government observers 
also come; there is a lively exchange of opinions. 


Because of the international aspects of this project, the 
Technical Subcommittee meets not only in Tokyo, but 
abroad as well, by mutual agreement of the related 
Organizations, in the beginning it met in West Palm 
Beach, Florida, the home of UTC in the United States in 
March 1992 and in Paris with the cooperation of 
SNECMA of France in January 1993; all exceeded 
expectations for technology exchange. Furthermore, in 
September 1993, the Coordinating Committee and the 
Technical Subcommittee met in London, England, with 
the cooperation of Rolls-Royce. 
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Figure 18. Joint research and development system 





The foreign businesses were not necessarily accustomed 
to the progression of this type of Japanese project, but at 
this point, there are mostly no problems even for 
research control. 


Initially, a comparatively small number of related parties 
conferred individually and treated the problems of the 
various research themes; at the stage of engine integra- 
tion, Japanese and international liaison conferences by 
each type of working group became more frequent and 
the scale widened and conference administration 
required a larger number of workers. 
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and the storage of material using data optical disks and 


optical magnetic disks has started. 

| Research details 

National research izations are also in 

this project under the umbrella of MITI and the Science 

and Technology , they are 

basic and advanced research. On the other hand, private 
are i ied technology, trial pro- 


cooling mechanism for the ram com- 
bustor, SNECMA in research of the NOx emission 


research on the air intake for hypersonic planes using the 
testing facilities of ONERA (French national research 
institute) is being performed energetically. 


Furthermore, UTC is participating in the capacity 
testing and research of the ram combustor and RR is 
making the most of their current facilities and partici- 
pating in the noise testing of the combined cycle engine 
in cooperation with SNECMA. GE uses those facilities 
and is in charge of the high altitude capacity testing of 
the engine; this is at the level of detailed filling for the 
testing plan between the United States and Japan. 


6. Conclusion 


This project is in the sixth year; full scale elemental 
research and design and production testing of the engine 
are being performed in Japan and abroad. 


In 1993, the first operating test for the very high temper- 
ature gas generator (the section which becomes the core 
of the turbo system engine) was successful; various 
improved tests were performed for the elemental 
research of the fan, compressor, combustor, and turbine 
and gave the expected results. 


The intermediate evaluation was finished and in 
entering the last half of the project, the research and 


This research is being performed as part of 
“Research and development of propulsion 


R&D for High Performance Materials for Use in 
Severe Environments 


95FE0103H Tokyo KIKAI SHINKO in Japanese 
Nov 94 pp 102-109 


Composites for Future Industries] 
(FBIS Translated Text] 


Foreword 


The spaceplane, SST, and HST are the next generation 
high speed transport means and expectations for their 
realization at the start of the 2ist century are rising. 
Influenced by the sluggish world economy and the dis- 
solution of Cold War structures, the latest activities in 
the United States and Europe are decelerating some- 
what, however, technology development is being actively 
promoted as a matter of course. Moreover, for the SST 
for which major demand at the start of the 21st century 
is expected, research is being actively promoted in the 
United States and Europe and there is a high possibility 
that : will enter international joint development in the 
near future. 


One of the key technologies for their development is heat 
resistant structures able to withstand the high tempera- 
ture environment of usage in high speed flight.':? Also in 
the SST/HST propulsion systems, the combined cycle 
engine and the variable cycle engine combined with a 
different type of engine are being considered because of 
the requirements of economy and noise policies for 
takeoff and landing from subsonic to hypersonic speed 
zones. 


In these advanced aviation and space systems, light- 
weight materials able to withstand the high temperatures 
of usage are indispensable for both the fuselage and 
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engine, understanding the key to the structural develop- 
ment of these is materials technology. ' 


Currently, the high strength aluminum alloys, titanium 
alloys, super alloys, carbon fiber/epoxy resin composite 
materials, or improved types of these materials used in 
airplanes are of course used depending on the section, 
but in order to realize the next generation aircraft and 
spacecraft, generally speaking, materials having compar- 
ative rigidity and relativity over that of currently used 
materials in temperature ranges of -250 to 2000°C 
become necessary’, incidentally, the development of 
materials for lightweight and heat resistant structures 
which can be used at 600 to 2000°C is indispensable. 
Metal based composite materials (intermetallic com- 
pounds, super alloys), ceramics, ceramics based com- 
posite materials, intermetallic compounds (Ti-Al, Ni-Al, 
Nb-Al, ....), and carbon/carbon composite materials 
appear promising as the material for lightweight, heat 
resistant structures. These material systems are being 
researched, mainly in America, as the materials for the 
next generation high performance engines and hyper- 
sonic craft such as the space shuttle, NASP (National 
Aero-Space Plane), and IHPTET (Integrated High Per- 
formance Turbine Technology Initiative). In Japan as 
well, projects like the supersonic transport plane engine 
(HYPR) and the gas generator using advanced materials 
(AMG) presuppose the application of lightweight and 
heat resistant structural materials in order to achieve the 
respective development goals. Also, the fields of petro- 
leum gas power generation and nuclear energy have great 
need for these heat resistant materials. 


With this type of background in Japan as well, the “R&D 
of extreme environment resistant advanced materials” 
was started with an eight year plan in 1989 as one project 
for new materials development in the system for R&D of 
Basic Technologies for Future Industries (Revised as the 
Industrial Science and Technology R&D System in 
1993) of the Agency of Industrial Science and Tech- 
nology; it is currently in the sixth year and the last spurt 
to achieve the final goal of this project is rushing along. 


In this research and development, the Ti-Al intermetallic 
compound and SiC fiber/Ti-Al intermetallic compound 
composite material (target resistant temperature 1 100°C 
for both materials), Nb-Al intermetallic compound 
(resistant temperature 1800°C) and carbon/carbon com- 
posite material (resistant temperature 2000°C) are 
selected from the heat resistant materials for structures 
discussed above and their research is advancing. 


Moreover, this project is being promoted based on a 
cooperative system of the six national research institutes 
affiliated with AIST and STA, and with close coopera- 
tion among industry, government, and academia from 
basic research concerning the materials design and mate- 
rials evaluation through materials creation technology, 
with the allotment to the twelve private companies 
(including one foreign company) of the Research and 
Development Institute of Metals and Composites for 
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Future Industries (RIMCOF) commissioned by the New 
Energy and Industrial T Development Orga- 
nization (NEDO) and the Petroleum Energy Center 
(PEC) (eight research laboratories) and the support of 
five universities for the common basic technology. The 
results of the research and dev t were disclosed 
at the four symposiums last year.*’ The fifth symposium 
is scheduled to be held on 5-6 December of this year at 
the Tokyo Chamber of Commerce and Industry Hall and 
the latest results will be presented. 


In this article, the current situation of this project and 
the issues remaining for goals achievement are discussed. 


Intermetallic compounds with high relative strength 


The TiAl (y) intermetallic compound is a subject of 
development. This material is expected to be used at 600 
to 1100°C and the major issues are increased high 
temperature strength and improvement of room temper- 
ature ductility; furthermore the development of tech- 
nology to contribute to oxidation resistance is 
advancing. 


For the Ti-Al-X system (X= Cr, Mo, Nb, Ta, V), an 
examination of the relationship of organization and 
dynamic properties advanced and the effects of three 
dimensional element addition and thermomechanical 
treatment on dynamic properties were made clear. As a 
result, the addition of Cr was effective for the improve- 
ment of room temperature ductility and a room temper- 
ature ductility 4.2% (target value 3%) was attained with 
Ti-49.5Al-2.2Cr. It was confirmed that the addition of 
Nb, Ta, or V was effective for high temperature strength; 
in the future, room temperature ductility and high tem- 
perature strength must be made to coexist and the 
research of mainly the optimization of the chemical 
composition and organization control is advancing 
based on the three dimensional diagram made clear 
before now. 


The sheet production technology called “Melt direct 
sheet technology” is given as one creation process tech- 
nology, and sheet rolling (0.75 mm thick) with very little 
variation in thickness of Ti-46Al-1.73Cr material was 
successful with the employment of directional solidi- 
fying methods and an examination of fixed temperature 
rolling technology. 


In the research of superplastic molding of sheet material, 
the plastic deformation behavior of the equiaxed 
micropowder material attained with Cr 0.5 to 4 at% 
added to the base of Ti-46Al material and thermome- 
chanical treatment was examined. It was made clear 
that, with the addition of over 2 at% Cr, the B phase is 
formed at the grain boundary and the plastic deforma- 
tion properties are greatly improved. Hemispheric 
molding due to the superplastic gas pressure bulge for- 
mation of the Ti-45Al-3Cr sheet was successful. 


The creation of intermetallic finished products with the 
agitation synthesis process is being researched. This 
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process develops the semi-solidification processing 
method known as the rheocast method in the high speed 
rotary agitation solidification system and is aimed at the 
creation of high ductility materials due to the particula- 
tion of crystal grains; for Ti-44A! material, the creation 
of fine grained material at the 2 ym grain diameter level 
is meee ful and a room temperature ductility of 3.3% is 
attain 


Near net shape molding by the powder spray molding 
method is given as the powder metallurgy route process 
development; adhesive for granular spray source mate- 
rial, degreasing atmosphere, and sintering conditions are 
being examined in relation to the dynamic properties of 
the compact. The tensile properties of the compact are 
currently not sufficient for both strength and ductility; 
future issues are the addition of alloy elements, optimi- 
a of sintering conditions, and the reduction of 
oxides. 


For coating technology to contribute to oxidation resis- 
tance, research for multilayer coatings is beginning this 
year. 


In research for this system intermetallic compound, the 

future issues are materials design and optimization of 

process technology aimed at improvement of high tem- 

— for 1100°C heat resistance which is the 
i , 


Fiber reinforced intermetallic 
compound composite 


Parallel to the development of high relative strength 
intermetallic compounds (TiAl), the development of SiC 
fiber/Ti-Al composite materials using them as a matrix is 
advancing. The research details are divided into the 
following three categories, but these are related; in par- 
ticular (2) has common issues with (1) and (3). 


(1) High performance (high strength, heat resistance, 
oxidation resistance) SiC fiber development 


(2) Improvement of fiber and matrix adaptability 
(3) Development of composite molding technology 


(1) is to contrive high performance on the base of 
SiC (pcXnicalon system) and SiMC (pc) (chirano 
system) fibers having as a precursor the organic 
silicon polymer which is being developed and 
industrialized in Japan and to raise the adapt- 
ability with the TiAl matrix. The synthesis of the 
SiC system fibers with superior heat resistance 
was successful due to the oxygen content of the 
fibers being greatly reduced with deliquescence 
processing of both fiber system due to electronic 
irradiation instead of prior oxidation deliques- 
cence (Figure 1). Also, in the SiC (pc) system 
fibers, the elastic modulus is greatly improved 
without causing the deterioration of tensile 
strength since the C/Si atomic ratio approaches 
the combined mass ratio (Figure 2). These fibers 


have heat resistance and strength properties far 
superior to any of the ceramic fibers reported up 
to the present time. Currently, the optimization 
of a series of processes is being contrived since 
continuous fibers with high performance must 
be produced with stability for both fibers. 
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(2) aims for the development of a coating system for 


For, 


the fibers to relieve the stress caused by a mis- 
match in thermal expansion coefficients and to 
control the fiber/matrix interfacial reaction. The 
formation of a barrier layer on the fiber surface 
is being examined in order to prevent the disper- 
sion of structural elements between the fibers 
and matrix and to control the interfacial reac- 
tion. We would like to evaluate the adaptability 
of high melting point metals and ceramics which 
are desired as barrier materials using large diam- 
eter monofilament type SiC fibers (SCS-6) by the 
CVD method. As a result, it was discovered that 
Hf and Zr are effective for reaction control. 
Figure 3 {not reproduced] shows the drawn and 
broken surface of SCS-6/TiAl at 1000°C. The 
pulling out of many fibers was observed in the 
Hf coated one and tensile strength was 430 MPa; 
on the other hand, it was 180 MPa in the 
non-coated one and the effect of the barrier 
material is clear in tensile strength properties as 
well. It is confirmed that the Hf is useful as a 
barrier material for the development of both 
fibers of the polymer precursor. 


(3) it was concluded that flame coating prefors. “(IP 


molding is desirable as the composite formation 
process for this system composite material; an 
examination is being made of the preform pro- 
duction by flame coating of the matrix 
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Figure 2. Relationship between SiC (pc) fiber tensile properties and C/Si atomic ratio 





tribution being insufficient, but it was observed 
that flame coating preform production, in the 
same way as large diameter CVD fibers, is pos- 


As discussed above, although results in the vast improve- 
ment of fiber heat resistance and oxidation resistance 
and the search for a coating having large interfacial 
reaction control effects are being attained, the essential 
development of fibers and TiAl adaptability and prob- 
lems are all at the same level. Also, for composite 
formation technology, application methods are being 

but many issues for process technology 


High melting point intermetallic compounds 


Nb,AI is a material under t. The increase of 

temperature (to 1800°C) strength and the improve- 
ment of room temperature ductility are the main issues 
for this system material. Also, the development of sur- 
face coatings in order to ensure oxidation resistance is 
progressing. 


Along with the preparation of the state diagram for the 
Nb-Al two element system and the Nb-AL-X (X= Ta, W, 
Mo) three element system, basic data for alloy design is 
being accumulated, such as the acquisition of high tem- 
perature strength data. In the Nb-Al two element system, 
the Nb- 20.5Al having the single phase fiber of Nb,Al (A 
15 type) shows the highest strength (compression 
strength 106 MPa at 1600°C, 48 MPa at 1800°C). It is 
observed that the si phase zone of the A 15 type 
structure is widened with the addition of Ta and Mo and 
narrowed with the addition of W. Of these three ele- 
ments, the effects on high temperature strength are 
striking for W and the Nb-25Al-10W showed a compres- 
sion strength of 218 MPa at 1600°C. This strength due to 
W is thought to be due to the phase stability discussed 
above, in effect the production of the 2 phase (Nb,Al) 
and the rise in melting point. In the future, the relation- 
ship of phase stability and high temperature strength will 
be made clear and the alloy design will be optimized for 
the three element system of Nb-Al-W, mainly the Nb- 
25Al- 10W with the observed improvement in high 
temperature strength properties. 

molding technology are being developed for creation 
process technology. 

In the precision casting technology, the high heat source 
melt casting equipment for the guidance scull melting 
system applied to the melting and casting of the Nb-Al 
system is being developed and using this, the production 
of ingots (10 kg) with homogeneous composition (plus or 
minus | at%) of the Nb-Al two element system and the 
Nb-Al-X (X= W, Ta, Mo) three element system is suc- 
cessful. Moreover, it was discovered that ZrO2 and Cao 
are optimum as the casting material because of their 
degree of sintering and their ity at high tempera- 
tures. Also, basic data concerning control 
and casting plans due to casting analysis and simulation 
were acquired. 
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In the alloy powder molding technology, a new 
quenching solidification powder production process 
called plasma melt gas atomization method (PMGA) was 
tr (Figure 4). An independently developed 
bottom pouring nozzle is located in the center of the 
bottom of a water cooled copper crucible; the world’s 
first successful production of gas atomized powder is 
with a process in which the plasma 
water cooled cooper and is mostly without contamina- 
tion of the Nb-Al melted metal from refractory products 
or refractory metals. The crystalline structure of the 
Nb, Al powder attained is a solid solution of Nb with a 
solid solution of Al in a supersaturate; a superior degree 
of sintering is attained. 


The sheet production technology by the resistance 
heated powder rolling method and near net shape 
molding technology by HIP are developing as the 



































57 
Figure 4. Outline of the PMGA pilot scale equipment (450 kW, 5 kg melt) 
electrode is entirely 
— ite 
Figure 5. Theoretical diagram of the resistance heated 
powder rolling method 


powder sintering technology. In resistance heated 
powder rolling, the development of equipment was fin- 
ished (Figure 5), the PMGA powder rolling test of Nb 
powder and Nb, Al was performed, and it was confirmed 
that this rolling method is effective for sheet molding of 
high melting point metals such as Nb,Al. Rolling condi- 
tions are being examined with the goal of a true density 
ratio 100% of the mold. 


For the HIP mold, currently, the wing form and the ring 
and tube forrn molds are undergoing trials using Nb,Al 
powder, through an examination of the ceramic type and 
secondary pressure medium. 


The goal is the development of a multilayered coating 
consisting of an intermediate layer for stress alleviation 
and a surfacemost layer contributing to oxidation resis- 
tance as the oxidation resistant coating for this system 
material, and Ir, Al,03, and silicide are being examined 
as candidate materials for the structural material. 





Carbon/carbon (C/C) composite material 


The weakest point of this system material is that the 
oxidation consumption inherent to the carbon is great; 
the necessity for the oxidation resistant coating is ines- 
capable. The target capacity for high dynamic properties 
is established in addition to the goals of heat resistance 


technology development from the high 
performance of carbon fibers to the materials design, 
molding, and oxidation resistant coatings is being pro- 
bibustedianstiname 


the following four categories is being 


(1) High performance of carbon fibers (petroleum pich 
system) 





ibited without permission of the copyright owners. 


‘ye to may contain copyrighted material. Copying and dissemination | 








(2) Improvement of matrix (improved oxidation control 
and carbonization yield, improved breaking distor- 
tion) 

(3) Development of new composite molding technology 
(compressed resin char method, high pressure 
impregnation carbonization method, chemical vapor 
impregnation method (CVI), composite rod molding 
method) 


(4) Development of oxidation resistant coating tech- 
nology 


For (1), in order to improve the tensile and compressive 
properties of the fibers, random, onion, and double 
structure as opposed to the conventional radial structure 
were proposed as the sectional structure of the fibers by 
three research organizations respectively and the 
research is advancing, and they succeeded in realizing 
the expected structure by any porous yarn and began the 
evaluation of the dynamic properties of the fibers and 
the evaluation of the dynamic properties of the C/C 
composite material using those (Figure 6). In order to 
improve the oxidation resistance of the fibers them- 
selves, an examination of thin film coatings (to | um) 
with CVD method of SiC is advancing and a continuous 
coating was successful. Moreover, the new information 
that the SiC fiber surface coating is useful for improving 
the interlayer shearing strength of the C/C composite 
material was attained. 

















0 1000 2000 
ENVIRONMENT TEMPERATURE(C) 
Figure 6. T dependency of C/C composite 


emperature 
material tensile strength (comparison of conventional 
fibers and random structure fibers) 














For (2), the following effects were attained: the improve- 
ment of pich as the matrix precursor, the improvement 
of carbonization yield due to the mixture of pich in the 
phenol resin, high densification of the matrix carbon, 
refining of carbon structure due to the addition of fine 
carbon powder, improvement of fiber/matrix interface 
adaptability, and oxidation control with the addition of 
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boride, silicide, or preceramic polymer. The problems of 
high densification of matrix carbon, refining of carbon 
structure, and interfacial adaptability continue to be 
examined in relation to the dynamic properties of the 
C/C composite material. 


For (3), the following effects were attained: improved 
carbonization yield due to the compressed resin char 
method and improved oxidation resistance due to the 
impregnation of high melting point glass in C/C sub- 
strates due to the development of the HIP impregnation 
and carbonization process super high temperature HIP. 
Figure 7 shows an example of the improvement of the 
tensile properties of the composite material due to high 
densification of the matrix due to high pressure impreg- 
nation and carbonization. Figure 8 shows an example of 
the influence of the final heat treatment on the tensile 
properties. 
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Figure 7. Effect of matrix fineness on tensile properties 
of C/C composite material 





With matrix improvement and molding process 
improvement, a C/C composite material (2D; showing 
superior tensile properties exceeding a tensile strength of 
700 MPa and modulus of elasticity 170 GPa at 2000°C 
as shown in Figure 9 is attained. However, the dynamic 
properties other than tensile properties of these C/C 
composite materials are kept at a low level as in the 
example in Figure 10; an examination is being made in 
relation to the process parameters since these properties 
must be improved. 


In the CVI method, with the objective of raising the 
matrix extraction speed and filling as far as the gaps of 
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Figure 8. Influence of final heat treatment temperature on tensile properties of C/C composite material 
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Figure 9. Target values (2000°C) and tensile properties (room temperature and 2000°C) of C/C composite materials 





the deep sections, equipment development and the opti- 
mization of the process parameters were examined for 
the three methods, the pressurized pulse method, the 
non-steady temperature gradient CVI method, and the 
plasma CVI method. In the future, the trial production 
of C/C composite material and bimatrix (C+SiC) com- 
posite material and evaluation of their dynamic proper- 
ties will be performed. 


For (4), as the oxidation resistant coating at the 1700°C 
level which was the previous goal, the two types of SiC 
system coating systems, SiC dispersion reaction layer/ 
SiC-CVD/glass seal and C/SiC FGM-CVD/SiC- CVD/ 


glass seal, were developed based on conventional SiC 
system coating technology. As shown in Figure 11, there 
is no deterioration of substrate strength due to the 
coating and the oxidation resistance is supplemented in 
the system using the C/SiC FGM-CVD as the stress 
alleviating layer of the latter. 


A temperature of 1700°C is the limit to SiC coating 
systems; the development of new coating systems is 
necessary for the final goal of 2000°C oxidation resis- 
tance. It is decided for the coatings to use multilayer 
systems consisting of crack seal, oxygen diffusion bar- 
riers, interlayer reaction control, and stress alleviation, 
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and an examination of the concept of the coating system 
and a search for material systems to form each layer are 
being made. An examination of the film forming process 
by CVD, PVD, and solgel methods and an examination 
of the oxidation resistance of the film formed are being 
made for the candidate materials, Ir, HfC, HfO,, Al,O,, 
SrOZrO,, and Y,SiO,. The development of this oxida- 
tion resistant coating system is the biggest issue for C/C 
composite materials for the final goal. 


Evaluation technology 
In this project, material development is advancing with 
the assumption of use in extreme environments such as 











Tensile strength MPs 
ci 
& 





— a A —™ 


-_ we ise  see0 
Ternperature °C 


Figure 11. High temperature tensile test in air of C/C 
composite material with SiC system coating having 
C/SiC FGM coating as an applied alleviation layer 
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super high temperatures reaching 2000°; in parallel the 
technology for evaluating thermal material, dynamic 
properties, and oxidation resistance is being made by 
mainly national research organizations. These results are 
incorporated in the specs for evaluation and testing 
methods and applied to the evaluation and testing of the 
material developed. By the way, the 2000°C vacuum 
tensile test technology for C/C composite material was 
developed in this project and was applied to the inter- 
mediate evaluation and testing of the material devel- 
oped. Moreover, the equipment development and estab- 
lishment of the test method for the 2000°C air tensile test 
are scheduled to be finished within this year. 


Conclusion 


As discussed above, many results and new information 
are being attained for all of the materials systems which 
are being developed. Although the way to the final goal 
can be seen, new problems come to light as the research 
advances. The remaining time is two years and several 
months, but it is certain that the anticipated results will 
be attained with the extra efforts from the people doing 
the research directly and the leadership and cooperation 
of the related parties. 


Moreover, the research and development introduced in 
this article is being performed by Research and Devel- 
opment Institute of Metals and Composites for Future 
Industries (RIMCOF) as commissioned by the New 
Energy and Industrial Technologies Development Orga- 
nization (NEDO) as ease of the industrial science and 
technology research and development. 
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